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Numbc-r of l i n e s  e v a l u a t e d  ant1 recombined, number  of 
t e s t  c>~~vi ronrnc-~~t  ...: dlld r e y . ~ l i c a t i o n s  f o r  procjeny ev,ilua- 
t i o r ~  i l l  d i f f ( s r t h ~ ~ t  c ;c~l( .c t io~l  c y c l o s  of Mrdium C o m p c i s i t c .  
<;ellera1 fonn of an  o r t h o g o n a l  break-ul) of a n a l y s i s  of 
v a r i a n c e  f o r  l i n e s  w i t h i n  e a c h  c y c l e .  
Ana lyses  of va r ia r i ce  f o r  g r a i n  y i e l d ,  p l a n t  h e i g h t ,  
d a y s  t o  50% b l o a n ,  1000 seed-weight  and e a r  l e n g t h  
i n  Medium Composite Bulk T r i a l .  
Table 5. Idea11 v a l u e s  and i n b r e e d i n g  d e p r e s s i o n  f o r  v a r i o u s  
c h a r a c t e r s  i n  d i f f e r e n t  t y p e s  of b u l k s  developed from 
3 c :yc l~s  of  s e l e c t i o n  i n  Medium Ctmpos i te .  
Regress ion  ctief f i c i e l i t  and observed  g e n e t i c  advance 
for various c h a r a c t s r s  a f t e r  t h r e e  cycle:; of  f u l l - s i b  
r c c u r r c n t  s e l e c t i o n  i n  Medium Cornposit c l .  
A~ia l  y s i s  of v a r  iancc. f o r  d u w r ~ y  m i  1 t i c w  inc:icic:nce i n  
I.lc,ci i WII Cumposit e . 
Alldlys is  of v a r i a n c e  f o r  a r d i l )  y i c l ( 1 ,  p l a r l t  h e i g h t ,  
d'-~ys t o  50% bloom and e i ir  1(>11gth i l l  Medium Composite 
S1 p r o y e n i e s  t r i a l .  
L E s t i m a t e s  of g e n e t i c  v a r i a n c e  ( 6  y )  and g e n o t y p i c  
c o e f f i c i e n t  of v a r i a t i o n  ( g c v )  f o r  g r a i n  y i e l d ,  p l a n t  
h e i g h t ,  d a y s  t o  50% bloom and ear l e n g t h  i n  unimproved 
.2nd improved cycles of Medium Ccmpositc.  
C o r r e l a t i o n  c o u f f  i c i . e n t s  ~unorlq g r a i n  y i e l d ,  p l a n t  
h e i g h t ,  d a y s  t o  blocm i ~ n d  c a r  l e n g t h  i n  S progeniGs 1 
of Medium Composite. 
T a b l e  10 .  
S e l e c t i o n  r e s p o n s e  observed  i n  random mated b u l k s  and 
se l fecl  b u l k s  f o r  g r a i n  y i e l d ,  p l a n t  h e i g h t ,  d a y s  t o  50% 
b l o a n ,  1000 seed  w e i g h t ,  e a r  l e n g t h  and downy mildew 
r e s i s t a n c e  o v e r  t h r e e  c y c l e s  of f u l l - s i b  r e c u r r e n t  
s e l e c t i o n  i n  Medium C m p o s i t e .  
S e l e c t i o n  r e s p o n s e  f o r  g r a i n  y i e l d  ( k g / h a )  i n  r a n d m  
mated b u l k ,  s e l f e d  b u l k ,  p o p u l a t i o n  c r o s s e s ,  and  i n  
t e s t  c r o s s e s  w i t h  p a r e n t a l  ~ ~ o p u l a t i o n  , B-composite and 
5141A male  s t e r i l f l  l i n e .  
F i q u r c  2 .  
Kecurrent .  :;election 1 1 ~ 1 1 ;  bccri :;ucr(rc!!:tt>ti t o  i , c l  '111 e f f e c t i v e  breeding 
method f o r  predtxnil\ant.l.y c r o r ; s - p o l l i n a t e d  crops ( A 1  l a r d ,  1960) . I n  
C - O Y I  t rm-l:;l t o  thcb ( .ol~vc*r~t i 0 1 l i l l  j)c~~liclrt:t? Lrt~evli I ~ C J  rnctliod, i t .  sl.ow:< clown t h e  
t , . i t  : I !  Ilc>mc;:<yiln:;i 1 y c!ricI  +clict> !' a].-,#) A ) r . ~ ~ ~ ~ ~ l t ~  t . 1 1 '  r ,~j l icI  arid r.,ili~lorn ycne 
f i x , l t  1 0 1 1 .  It. cil~iti llrovicles rcpt:;ited ojll~or t.111ii 1. i(,:, f o r  t ~ I C I  brP,ljS liji o f  
u n f a v o u r a b l e  l i n k a g e s  w i t h  t h e  consequcrlt. d e v c l o p e n t  of f a v o u r a b l e  qene  c m b i -  
n a t i o n s  i n v o l v i n g  a  l a r g e  number of l o c i ,  and m o b i l i z e s  s u f f i c i e n t  g e n e t i c  
va~:i . ; i t ions th rough  t h e  rou t i : .  4 rec:car~l.~inntions anong p a r t i a l l y  o r  h i g h l y  
h c t e r o z y g o u s -  prtwcnic?:; sclectc>tl from c s c t ~  c y c l e .  Var ious  forms of r e c u r r e n t  
s e l e c t i o n  procedure have bee11 tlcvcloprtd arid wide ly  u s d  i n  maize b recd ing  
w i t h  v a r i e d  measures  of succ:ess (Moll arid S t u b e r ,  1979) .  I t s  a p p l i c a t i o n  i n  
p e a r l  m i l l e t  l ) r cc , ( i ing ,  however, h a s  bccn v e r y  l i m i t e d  (Bur ton,  1959,  and 
KhC~( l r  anci E l - K o ~ ~ b y ,  19'78), i n  : ; l ~ i t c  of i t s  br!i.ncj b io loq ica l ly  ;i much more 
s u i t ~ b l e  crol) th,tri m a i z e  (Hac.llic1 . ~ r l t l  M;1-jlnrltlar1 1980). 
With the (,stab1 iskmlcnt of Lhc l1c?;lrl Mil1r:t Improvcmerlt Program a t  
t h e  I n t  c r n a t i ~ v i ~ l  1 Crops  Het;(?:ircl~ 1r1:;t i l u t c  fa t h e  Sc~ni-Arid T r o p i c s  
(ICRISAT) r e c u r r c ~ ~ t .  s c l e c t i o ~ l  f o r  p o p u l a t i o n  improvement was i r ~ i t i a t c d  w i t h  
almost t h e  s m c  e i l p l u s i s  a s  t .hc conver i t ional  methods of v a r i e t y  c r o s s e s  
and p e d i g r e e  b r e e d i n g .  Fol lowing p r ~ m a r i 1 . y  f u l l - s i b  and S procjeny t e s t -  2 
ing methods a s  developed f o r  maize  b r e e d i n g ,  1 5  composi tes  ( b o t h  i n t r o d u c e d  
and deve loped  a t  I C R I S A T )  of d i f f e r e n t  h e i g h t  a d  m a t u r i t y  g r o u p s  were 
under taken  f o r  r e c u r r e n t  s e l e c t i o n .  P r e l i m i n a r y  a s s e s s m e n t s  showed an 
a v e r a g e  g a i n  of 2 . 8  p e r  c e n t  per y e a r  f o r  g r a i n  y i e l d  w i t h  t h e  c o n c m i t t a n t  
reduc,t: i o r l  i l l  ~ ) l , . i r ~ t  h ~ i c ~ l i t  , days  t o  hl( I(-mu, ,111tt i rrcreasc i l l  downy mildew 
t 
I-esi st-.;irlc:n l i ~ i t l  vi  : ; \ l c l l  a s s ~ ~ ( t ~ l t ? r i t : : ;  of t l . 1 c . 3  c,omI~c).s: i t c ,  h ~ ~ l k r ;  i n d i c a t e d  n o  
I 1 c .3 1 - y ( , 1  c:, , o f -  :;t)l,.,ct- iorl ] I , , ( {  II , , , ~ , I [ I  1 ( n c !  I 1 1  a : ( . s ~ ~ ? r c ~ l  ~ : O I I ~ I I O S  i t e s  
by t l ~ t . ?  i ; b ~ l c j  of 1979 wllcl.: the‘ l,reserlt invm$:.;t i q n t  iol! (')!A M e c i i u m ( ~ a t u r i . t y  ) 
Com1)osit :e  (MC) was u n d e r t a k t : ~ ~  wit .11  the Eoll owiriy c ~ h j  ec:t ives :  
(1) To : > s t h a t e  the c h a n q e s  i n  mean and g e n ~ t i c  v a r i a b i l i t y  
for- q r a i n  y i e l d ,  p l a n t  h e i c j h t ,  days  t o  hloonl, ear l e n g t h ,  
and 1000 qra in  weight  aloncj wi th  the chanqes i n  t h e  levels 
of downy mildew resistance. 
( ) To <.:it i n l a t e .  t h e  ~.h;tnclc~r. i r i  c.c,~rlbir~i n(r h i l i  L y ,  us ing  hroad- 
bdsi'd (110th rt~latecl and UILI r!l'itad) .ind rlarrow-based t e s t e r s .  
( 3 )  To e s t i m a t e  inbrc?edirlg de1)rc:;sion both i r i  improved aild 
unimproved co~lnpositc: cycl(3 bu lks  ( i . c . .  CO, C1, C2 and C3 
b u l k s ) .  
. Rec~lrrcllt se1r~r.t ion 
t r  t 1 t I I 1 -  t .  i ; c  lcct. ion pz.oc:ticiurc wklic.11 i n c l u c i c s  
r-c:sc~lt:ct ioll l j e~ l t :~ '~ i t . i o~~  df t c x y enerat  io11 with in t  r!rm;lt i n y  anonq t k i t - .  i n t l i -  
viduitl sclc.ct ions (Hull ,  1952)  . I n  con t ras t  t o  t h e  conventioniil breeding 
methods of selfirlg arxl se lect ion t h i s  breeding scheme e f fec t ive ly  slows 
down the r a t e  of inbreeding and hcrlce rnobilizcs su f f i c i en t  genet ic  va r ia -  
t i o n ,  pxovicles repeated 01)portun it ic:; f o r  adequate recombination among 
f ;lvour,lhlc q t ~ ~ ~ c ~ s ,  and  allows :;llf f ic.icbnt :;elcct.ion opportunit i c s  fo r  accumu- 
I a t  inlj dt lsirable a l l e l e s  a t  a number of l oc i  simultaneously (Andrews e t  a l .  
--
1 9 7 7 ) .  
R e ( - u r r c n t  :,c:ler3t ion 111cly t , l k t ~  rn~i l ly  f onll:;, ; I I I ~  may be cl a ss i f  ied in  
d l i f e r e r ~ t  ways. Allard (1960) rccucjrrlzod four d i f f e r e n t  typns of recurrent  
se lect ion:  Sin~ple recurrent  sc>lcction, recurrent  se lect ion fo r  qeneral  
combining a b i l i t y ,  recurrent  se lec t ion  f o r  spec i f i c  cmbininy a b i l i t y ,  and 
rec iprocal  recurrent  se lec t ion .  Simple recurrent  se lect ion was described 
by Sprague and Brimhall (1350)  who stutlied o i l  content i n  the maize 
kernel .  I n  simple recurrent  se lec t ion ,  p lan t s  a r e  divided i n to  a  group t o  
be discarded and a group t o  be propagated fu r t he r  on the ba s i s  of pheno- 
typ ic  scores  taken on individual  p lan t s  (simple phenotypic se lec t ion)  o r  
t h e i r  se l fed  progeny (simple genotypic s e l ec t i on ) .  The e f f ec t i ve  use of 
simple phenot-ypic recurrent  se lec t ion  i s  r e s t r i c t e d  t o  characters  with suff ic:  
en t  I y ~ I I ~ J ~ I  h e r  i t <ibi l i t  y . They cor~c.lucied t ha t  such a type  of r fAcur rcn t  se lec t :  
wc.>ul<l not bc ef f ec:t i v e  i n  breeding  f o r  improvcd combining a b i l i t y  f o r  
y i e l d  o r  dny o t h e r  c p a n t i t a t i v c  c i ~ a r d c t c r .  
1 
Kec.urrt+r~t : ; t y l e c : t  ion f o r  qt?ncral  combinilly a h i l i t  y devclopcd a s  an 
o i i t q r o w t h  from s t ~ ~ c i i c ; : ;  of edr l y  gcnc . r : i t io~~ t ~ s t i ~ l q  . J:clrly tes t :  ir~cj, f i r s t  
proposed by J e n k i n s  (1935) ,  was based on t h e  dssumy~t-ion t h a t  t h e r e  were 
marked d i f f e r e n c e s  i n  canbinirhg a b i l i t y  among p l a l t s  i n  open-po l l i na t ed  
p o p u l a t i o n s .  He sugges ted  t h a t  s i n c e  t h e  t e s t e r  used had a broad g e n e t i c  
b a s e ,  v a r i a t i o n s  i n  performance i n  a g roup  of t e s t  c r o s s e s  would be due 
pr imal - i ly  t o  , d i f f e r e n c e s  i n  clc?ncrLi 1 c m h i n i n q  i l h i l i t y ,  and t h a t  a s e l e c t e d  
s,l~nl?le ba:;r.d OII  t.csL>; of combirlinq ; ~ i ) i l i t y  of S ( o r  S ) plarltri o f f c r c d  
0 1 
promise uf y i e l d i n q  a  l a r q e r  proport jor l  of s u ~ ~ c r i o r  l i n e s  t han  a scmple  
drawn fran the  s a n e  popu la t ion  on t l ~ c !  b,isi:: of v i s u a l  s e l e c t i o n  a l o n e .  
i l u l  1 ( 1 0 4 5 )  prol~osetl t t ~ ~ r n ~  I c,c.urrt:r~t :;c~l(>cl ion f o r  s j~ec i f  i c  
C . O I I I ~ I ~ ~ I ~ I I ( J  a b i l  i t.y or1 t h e  c i suumpt io~~  t 11.1t. arl importallt p a r t  of l l c t e r o s i s  
r c su l t . cd  from t h e  non l i n e a r  in te rac : t ions  of genes  a t  different l o c i ,  f r a n  
i r l t e r a c t i o n s  between a l l e l ~ s  a t  t h e  s m c  l o c u s ,  or from bo th  c a u s e s  p u t  
t ,oqether . 
Rec ip roca l  r e c u r r e n t  s e l e c t i o n  w a s  proposed by Cornstock, Robinson 
and Harvey (1949) a s  a  procedure  t h a t  would be u s e f u l  i n  s e l e c t i n g  s i m u l t -  
aneous ly  f o r  bo th  g e n e r a l  c a b i t l i n g  a b i l i t y  and for s p e c i f i c  combining 
a b i l i t y .  T h i s  t y p e  ot r e c u r r e n t  s e l e c t i o n  employs tw  heterozygous s o u r c e  
p o p u l a t i o n s ,  each of which, r e c i p r o c a l l y ,  is t h e  t e s t e r  f o r  t h e  o t h e r .  
Pcnliy g ;ll. (1963)  divided r c ? c ~ ~ r r c ~ l t  r;clect-ion i n t o  t w t s  types, 
p11criotyl)ir: rctclirrc,nt s c l c c t  i o n  ill w n i c h  Lhc phenot p e  of t t l c ?  S p lan t  i s  
0 
t l ~ c ,  t ~ . ~ : ; i  !; o f  sc1c.c.t . io~l ,  ;11ld qc>l~ot.ypic: rt?c7ur-xc>nt ~;elf.!(.t  io11 i 1 1  ~ l i i  (:I1 t h e  ~ ~ c n c ~ t i c  
wot.tl1 ( I ! .  I l r c !  S 1 ~ 1 , 1 1 1 t  , i s  ( ~ ~ i l t ~ ~ i t  ( > ( I  1 1 1  ] > T . O ( ~ P I I Y  t (>st:;. 
0 
:.;cvc?ral c y c l  i c  breeding system:; for l)opul,it ion and hybrid improve- 
rncnt have bt?cn used succes s fu l ly  in maize. They a l l  involve eva lua t ion ,  
s e l e r t i o n  and recanbina t ion  but t he  r net hods vary g r e a t l y  i n  technique used 
a n d  i n  lcrlgth of cyc le .  Some methodsin use a r e  a s  fo l lows  (Cardner,  1972): 
1 )  111Cra-populiition improvuucnt methods such a s  mass s e l e c t i o n ,  
h a l f  - s i b  fami ly  select . ion,  f u l l - s i b  family se lcc t ior l ,  S1 family 
, sel i?ct  l o n ,  and S2 f a m i l y  .~;~!lcc.t iorl .  
2 )  I~ltc>r-))o;)ulaLiot~ irnprc,vc~mt~~it ~rrctt.t~ori:; 11(:t1 ;I:, hii I f  --r-; i b  r ec ip roca l  
rccr l r~-c, l~t  select i.011 f 11 1 I - : , . i k )  r t A r . i l , r - o u c l l  rc:c:urrel~t sc lcct  ion. 
Ebcrhart  !1070)  studi.etl f ar:torr; ,*Ff oc t  ing  e f f  i c ic r lc ies  ot breeding 
methods. F r c m  s t a t i s t i c a l  q e n e t i c  s t u d i e s ,  he ind ica t ed  t h a t  e f f i c i e n t  
breeding progr am:; bberlef it f rcm thc  irnprovemc?r~t of random matiny v a r i e t i e s  
o r  populatioris by r e c u r r e n t  s e l e c t i o n .  S1 s e l c c t i o n  was a  very - e f f e c t i v e  
method when i r r i q ,3 t ion  n u r s e r i e s  permit t h e  breeder t o  grow t h r e e  seasons 
a year .  In  c o n t r a s t ,  f u l l - s i b  s e l e c t i o n  was more e f f i c i e n t  when t h e  i r r i g a -  
t i o n  nursery  and t h e  growing season pe rmi t s  two seasons pe r  year .  Half-s ib 
fami ly  s e l e c t i o n  was more e f f i c i e n t  than f u l l - s i b  s e l e c t i o n  when i r r i g a t i o n  
nu r se ry  permit. t h e  breeder  t o  grow t h r e e  seasons i n  two yea r s .  Given only  
Bur ton  gt; ,11. ( 1  3'71) r c p o r t ~ t d  .I ::icjnif ic:,lrir inl[~rovernc:r~t iri q r a i n  
y i e l d  and  g e n e r a l  combining a b i l i t y  a f t e r  f o u r  cyc1t:s of  h a l f - s i b  s e l e c t i o n  
and  S1 t e s t i n g  me thods  of r e c u r r e n t  s e l e c t i o n  i n  a  ma ize  p o p u l a t i o n .  They 
o b t a i n e d  g r o i n  yie1.d i n c r e a s e s  of  6 .3% i n  t h e  S1 s e r i e s  and16.3% i n  t h e  
ha l f  - s ib  s e r i e s .  Using  an inbred line a s  t h e  t e s t e r  i n  a r t .cur rent  sele- 
c t i o n  program,  Sl~rague, R u s s e l l ,  a n d  Pcriny (1953)  showed 6 . 7 %  and 2 0 . 0 %  
g r a i n  y i e l d  qains  a f t e r  two c y c l e s  i n  two m a i z e  p o p u l a t i o n s .  
I n  ;I comp;iri:;on o f  r e s p o n s e s  t o  s i x  c:yc-lcs of f u l l - s i b  f a m i l y  sele- 
c t i o n s  d i i ( 1  r i : ! c i j > ~ o c d l  rec11rrt:nt ~ : c l t ? c : t  i 011s f o r  C J L - ~ ~  11 y i e l d  i n  two m a i z e  
p o p u l a t . i o n c ,  M u  L l  and S t u L e r  (1971)  c ~ b t a i n c d  g r a i n  y i e l d  g a i ~ r s  of 21% and 
1 7 %  by t.he f u l l - s i b  method and 14% nritl 7 %  by r c c i j ) r o c o l  recurrc :n t  s e l e c t i o n  
rncthc->rl i n  t h e  t w t ,  l ~ o p u l a t i o q  5;;. 
1Cbt:rhart , ! I s b e l a ,  arld t l a l l a u c r  (1373)  e s t i m a t e d  p r o r j r e s s  f ran 
f i v e  c y c l e s  of r e c i p r o c : a l  r e c u r r e n t  s e l e c t i o n  i n  two m a i z e  p o p u l a t i o n s  and  
reported a g r a i n  y i e l d  g a i n  of 4 .6% per c y c l e  i n  t h e  p o p u l a t i o n  c r o s s .  
They a l s o  o b t a i n c d  an i n c r e a s e  i n  g r a i n  y i e l d  of 2 . 6 %  per c y c l e  i n  another 
mdize  p o p u l a t i o n  which  was improved by h a l f - s i b  s e l e c t i o n  w i t h  a doub le -  
cross tester f o r  s e v e n  c y c l e s .  
'l'hc: cvicirr~c-.c: 01.1 t h e  (:orllparcit ivc1 ~ f - f e ~ t i v c ~ n e s s  of re(:ur?:c'lit s e l e c t i o n  
,'Incl t r d d i t  ional inh ree t i i nq  s e l ~ ? c t  i.nn sohcmcs i n  i n c r e a s i n g  t.1i.l c o n t e n t  i n  
1 n . i  i ;:L, w'i!, ] ) r c ? : ; c ? t ~ t  r?d f)y . S ] ~ l ' ; ~ c j u i !  ,illd Fir- irn11,1 l 1 ( 1 0 5 0 )  . A f t e r  t w o  cyc l  ~s of  
t ~ , C I I I - I  t t 1 l t  : :(>lcv.t io11 c ~ ~ ~ c i  f ivt! ~ I ~ ~ I L ~ : J  < ~ tI ~ J I I : ;  o f  i t i l ~ t ~ ( : c ~ ~ l . i ~ ~ y  :;elcl(:t i c ) t~ ,  t11e 
1,t?cur1:t>111. s c1e t . t  io11 sys t em in( - rcascc l  o i l  i ~ o r c c n t  age from 7 .11% t o  lo. 5't, 
wlii3 t? Lhe i r i c r c a s e  f rom t h e  i n b r e e d i t l g  s e l c c t i o n  method was from 7 .0% t o  
7 . 5 % .  For n c L  i n c r e a s e  i n  o i l  p e r c e n t a g e ,  t h e  r e c u r r e n t  s e l e c t i o n  series 
was f i v e  tirnes more e f f i c i e n t  t h a n  t h e  inbrcedincr  s e l e c t i o n  : ; c r i e s .  
The  s u c c e s s  of  r e c u r r e n t  s e l e c t i o ; ~  i n  improving  n u t r i t i o n a l  q u a l i t y  
arid r e s i s t - a n c e  t o  d i s e a s e s  and i n s e c t  p e s t s  h a s  a l s o  been r e p o r t e d .  Zube r  
c t  a1. (1975)  ~ ~ r c s e n t e d  e v i d e n c e  t o  i n d i c a t e  t h a t  t h e y  were a f ~ l e  t o  i n c r e a s e  
--
ly:;iiit? c o n t e n t  i l l  ! ; o m ~  norma l  d e n t  m,iizc pnpulcit  i o n s  t o  t h e  l e v e l  of opaque-2 
by r o c - u r r c n t  r;ca 1 ( ~ r - t .  ion . 
J e n k i n s  c_t a>. (1954)  rcport:eti on t h e  u:;e of r e c u r r e n t  : ; e l e c t i o n  in 
c o n j u n c t i o n  wi t t i  s b a c k c r o s s i n q  p r o q r m  in a n  e f f o r t  t o  a c c u m u l a t e  g e n e s  
f o r  r e s i s t anc t -8  t o  11elminthosporiurn t c r c : i c u m  i n  m a i z e .  T h e i r  d a t a  i n d i c a t e d  
t11;lt two c:yc.ltts nf . - ;e le~ . : t ion  ;und rcc- .ombinat ion o f  r e s i s t a n t  p l a n t s  were 
s u f f i c . i ( . ! r ~ t  to  obt .a in  a h i q h  1i:vcl of r c : ; i s t a n c c ~  i r l  most of  t h e  m a t e r i a l  
s t - u d i c d .  J i r i i l l l yon  and  Russt:l 1 (1369) r e p o r t e d  '1 r e d u c t  i o r ~  i n  s t a l k  r o t  
r a t i n g  f rom 3.7% t o  1 . 7 %  b y  t . h rcc  c y c l e s  of  r e c u r r e n t  s e l e c t i o n  i n  a m a i z e  
v a r i e t y  . 
Penny p t  a 1 . ( 1 9 6 7 )  i n d i c a t e d  t h a t  t h r e e  c y c l e s  of  r e c u r r e n t  s e l e c t i o n  
f o r  l t la f  - fccdi r iq  r c s i s t a n c c  t o  E u r o ~ ~ c n n  c o r n  b o r e r  were s u f  f i r : i en t  t o  s h i f t  
t.lic f rcc111cnc.i t b : ;  of rcsist.all(:c? qfxnc?s t ( 3  , i  11iqh I~.vc.l i l l  a l l  v a r i c t  ies 
# 
t.lli?y st uclicd. Wiclstonn ~t ;)-I,. (1970)  achievt:cl s i g n i f  icCint progress  i n  
i~lc-r-t~;l!: i~i~l t . l l ( s  ICVCI. o f  i b < i r . w o r n \  r c , s i . ~ ; t ~ ~ r ~ ~ c . :  i l l  r n l i i z c >  f r o m  fivc: c.yclc:s of 
rtS(. .~ir t t :;(> 1 (!(:t- i <-)I)  . 
l~f fcc t : ive~lc?ss  of rcc-urrcnt s ~ ! l c c t i o n  has ,ilt.;o t c . t?r l  st.utlic:(l i l l  sane 
forage  crops .  Tile procc?tluxt: h ~ s  been found t o  bc? e f f e c t i v e  in  increas ing  
thc l e v e l  of r e s i s t a n c e  t.o leaf hopper yel lowing,  spot ted  a l f a l f a  aphid,  
bac : te r ia l  w i l t ,  common leaf  :;pot., a n d  r u s t ,  and i l l  improving y i e l d  in  
a l f a l f a  (Dudley -- c t  a1.1963, Hill .  et a1.19G9). I t  wa:; a l s o  e f f e c t i v e  i n  
- "- 
im~)rovinq foclder q u a l i t y  i n  a l f a l f a  (Gutek e t  a1.1976).  In  sweet c lover  
-- 
( ~ e l l  ( - ) ~ - i t ?  (--yc:l(> o f  r e c u r r e n t  s e l e c t i o n  was r epo r t ed  t o  be e f f e c t i v e  i n  
i~npl.ovillcl (j(.?~l(?r.;11 combininq a b i l i t y  f o r  fo rayc  y i e l d s  (Johnson, 1352) . 
In p e a r l  m i l l e t ,  r e c u r r e n t  st.lec.t.ion prc)cc!tlure:; were four~d t o  be 
ef fec:tivt-> i n  improving g r a i n  y i e l d ,  dowriy mildew r e s i s t a n c e ,  and o t h e r  
d e s i r a b l c  aqronomic t r a i t s  i n  s e v e r a l  composite popula t ions  (Gupta and 
Andraws (1978)  ; Ehadr and El-Rouby, ( 1 9 7 8 )  . 
3 .  G e n e r a l  Combining A b i l i t y  
- -- -
G e n e r a l  combining a h l l l t y  of a qcnotypc r c f e r -  t o  l t s  <lvc-.rmJc> 
1)crformance i n  v a r i o u s  c r o s s  combinat i ons .  Thc term was o r i q ~ n a l l  y clef iried 
by Sprague and Tatum (1942)  t o  d i s t i n q u i s h  it from s p e c i f i c  combining 
a b i l i t y  which r e f e r e d  t o  cases i n  which c e r t a i n  combinations do r e l a t i v e l y  
b e t t e r  or worse than would be c.xpc.c t cd on t h e  h i s i s  of t h c  dvc'raqe performanct 
of t h e  l i n e s  involved. 
(;enera1 c:ombininq a b i l i t y  i s  p r i m , ~ r i l y  funt:tion of dddi t ive  
' qcnct i i -  c!ff c d . s .  T h e  e f f  cctivolics:; , - I !  r-t!currcnt st:l,:ctic)~l fur improv- 
i l u ~  t llc. C J I ~ I ~ L ' T ~ ~ ~  (:txrlbini11(1 a i ) i l  i f  v o f  yicltl c ~ r ~ c l  o t  hcr dc:iirlihlc c:Iiiiract.crs, 
I I I C X ~  t ,fot.t.,  ~ I c ~ ~ I c ~ ~ I I ~ ~ > ;  I I [ ) ~ ) I  t 1 1 1 :  I I I ' I ~ - J I I ~ ~  i , \ i ~ >  (.J( I I I , ,  < ~ t I ( i  I t I \ / ( -  ( ~ t , ~ ~ i l L i ( :  v,.ir i~11ice 
I : ;  t , t  ~ I I I J ~ G I I ~ ~ : ~ !  t v t 1112 v ~ i r  ic111[:<! ? t t r i ix l I . ,~L) l~  tc.1 t 1 1 1  I I O I ~ - , I ( . I L ~ ~ ~ . ~ V ( ~  ( J ~ ~ I I ~ .  c f fcc t . s .  
f.lo.~;I 01' t l ~ c !  studic!s 0 1 1  c q c ~ ~ c t i c  var i ' ibi l  i l:y in  ti I 1  m q o r  crc.>pL; intlicote 
that yer~t t t ic  v a r i a b i l i t y  of important ;igronomic: t r d i t s  i s  prt-dominantly 
of ddd i t i ve  type (Moll arid S tuber ,  1 9 7 4 ) .  .It i s ,  t hc rc fo re ,  clxpected t h a t  
I. t!currcnt sel.ect.ion f o r  g e n c r ~ i l  colnbininq a b i l i t y  wil 1 be at) e f f e c t i v e  
b rccd i l~c~  m e t h o d  paxticulcir. ly i n  c ros s  1)ol I innted crops in  whiuh t h e  mode 
of t h e  pol l i l la t ior i  is s u i t a b l e  f o r  applying thc, technique. 
111 pcar l  m i l l e t ,  only a few s t u d i e s  h a v e  heer~ made on thc  cjenetics 
of  aqr o~-lomi.c c:l~dr-actcrs, clr~tl t llc rc.!su'!t s from var  iou:; sourer::; ,irca not  
always i n  ;iqreemcnt. However, i i  liirclc!r. proportion o f  the  v a r i a b i l i t y  f o r  
vdxious agronomic. t r a i t s  i n  p e a r l  n ~ i l l c t  has  kc11  rt.1-)ort,cd t o  be of the add i t :  
type ('l'yacji -- c.t - ~ 1 1 . 1 0 7 5 ;  (;uptn et a1. 197t1; Kapoor e t  a 1  ,1979) . 
- --- -- ,.--- 
T I ~  ,-i nurnbcl of stuc1it:s on rnaizr. , d i f f c r cn t  t.y;.c?s of t e s te r : ;  have been 
used i n  mensur . inq t h e  gcnera l  cornbln ir,cr a b i l i t y  of genotyl-,es Mlt. evidence 
a s  to w h i c h  would make the  most c f f i c i e ~ i t  t e s t e r  has not hcrlr~ conclusive.  
fiowover, i t  has been gene ra l ly  accepted t h a t  broad-base t e s t e r s  were more 
e f f e c t i v e  than narrow gene-base t e s t e r s  f o r  t h e  eva lua t ions  of yencra l  
combining a b i l i t y  (Lindstrom, 1331; Jenkins and Brunson, 1932;  Matzinger, 
1353 ,  a r~d  Grogan and Zubcr , 1957) . 
Gcnter and Alcxa~ldcr (19f-15) s t a t  c:cl 1:tiat a broad gene-bnsc t e s t e r  
ha:! a ric?;lr i n f i n i t - e  potcnt iLql  populat ion s i z e  with a wide ran.ii? of expre- 
:.i?;.ic.)n of 111o:;t. irnr~ot-t-ant t l - , ~ i t  :;. T h c y  pi)i~~t-c?tl o11t t h ~ l - .  i f  a broad-base 
~ ~ O ~ I L I I  ( i t  io11  < ~ m i l ( i  I \ ( ,  \ I I I ~  f OYIII 1)) I . L > ~ ) I . ( > > ; ~ ~ I I ~  t , c l  ~ I I  ( 1 1 1  1 t 8 : ; t  c:rc)!;!:(.'s:, i t -  : ; i ~ o ~ ~ l d  
i>r? ;-111 o?ic.el 1 t?11t t t ? r ; t t ? r  f o r  genera l  ct~rnk)jniricj a b i l i t y .  
1:vidc;nce is; now ava i l ab l e  whicll indicates t h a t  n~1rrow gene-base 
t.estt?r..; a r c  a l s o  effective i r ~  ev;lluaL.ing g c r ~ c r ~ ~ l  cumbilIillq (ibility. kiorner 
c t  i l l ,  (1.963) indi.cated t h a t  r ecur ren t  scl.cction for  general  comhiriin~j 
--- 
a b i l i t y  usincj  a nilrrow cjelle-hase titst 6.r.  was ,I more e f f e c t  ivc mctllod o f  
irn].)rov i ~ ~ t j  the cjr;li.n y i e ld  i n  m'iize tI lLi11 r e c u r r ~ n t  selccti .on w i t h  a  hroad 
cjc;~lc-btt:;t? t -cs tcr  I-epresentcd by tlie r,arental population i t s e l f .  
R ~ ~ t ; s c l l  e  ;11. ( 1 9 7 3 )  suggest ed t hc. i ~ s c  of r ecur ren t  sc2lcction f o r  
- --- 
i)oth qeneral  and s p e c i f i c  cornbininq L i b i l i t y .  In t h e i r  study t h e y  recorded 
a gdin of 4 . 4 %  per cycle over f i v e  cyc l c s  of sc1cc.t ion and recombination 
by using an illbrecl l i n e  a s  t h e  t e s t e r  pa ren t .  
Walcjko and Russel l  (1977) gave r e s u l t s  from a recur ren t  s e l ec t i on  
study i n  which population improvement was t h e  ob jec t ive .  Thcy indicated 
t h a t  t he  types of gcne act ion involved in y i e ld  he t e ro s i s  i n  maize a r e  
mainly add i t i ve  t o  complete dominance, and suggested t h a t  r ecur ren t  se le -  
c t i on  using an inbred l i n e  t e s t e r  can be an e f f i c i e n t  method of populat ion 
iml)rovc?ment. 
I t  i t ;  i~(-)s:;it)lc, t.11,it c i t ! r ~ c , t  i c .  v'~rinnc,r>:i may i ~ i c ~ r ~ , ~ . ; ~ ?  i l l  c,;trl.y ::el.c:c.tion 
cyc le s  if tlie i n i t i a l  frc!cponcies of favourablc  a l l e l c s  a r e  low. Iiowcver, 
it. is mort! I.ik(!ly that q e n e t i c  v a r i w ~ c e s  w i l l  decrea:ic: and t:hus l i m i t  t h e  
r a t e  of response i n  l a t e r  s e l e c t i o n  cyc le s .  I t  is a n t i c i p a t e d  t h a t  f o r  
ccxnplex t v a i t s ,  such a s  those that. a re  infl .uer~ced by many l o c i  wi th  small  
i .~ id iv  ic111;il c!ffer:t..;, qcnetic.  v,iriarices ~ ( i u l d  change very  sl.ow1y with s e l e -  
c t i o n .  Est imates  of g e n e t i c  var iances  i n  l a t e r  cyc l e s  of s e l e c t i o n  have 
Lcen found to i>c wit.hiti t h e  limits of s m p l i n q  e r r o r s  of those est imated 
f Y on1 1.111: or i.cj i11a1 ~ . ) o l > u l ~ ~ t : i o ~ ~ : ;  i l l  1"' i ;tnd tohac:co (IIorncr -. e t  -- 51. 1973; 
L o n n c p i s t  e t  '11 .lCJ6h; Matz~r l r t r  c-t nl .19 '12;  Moll and I{ok)inson, 1966 ) .  The 
--- - -- - 
corit inutld ~~~~~~~~~i Ly  of s e l c c t i o l ~  rc:q~ori:-;e and t h c  ayr eemer~t of t h e  observed 
rerjporist? with t h a t  p red ic t ed  f r a n  the  var iance  e s t ima te s  of o r ig i r i a l  c y c l e s  
w,ls fw't.11cr c?vidcrlce that variance:; have not  changed m a t e r i a l l y  (Moll and 
Stuhc?r  , 1971 ; Mdtzirier and Wc?rnsman, 1968) , However, i n s t ances  have been 
repol t ed  i n  which va r i ances  decreased a f t e r  s e l e c t  ion (Hal lauer ,  1970; 
da S i l v a  and Lonnquist ,  1968; Harris e t  a l .  1972) . 
--
In mass s e l e c t i o n  s t u d i e s  f o r  y i e l d  of maize a t  t h e  Nebraska 
Agricul. tura1 Experiment S t a t i o n ,  no chrmges i n  g e n e t i c  va r i ances  were de t ec t ed  
tlrougl-1 t h e  f i r s t  s i x  gene ra t ions  of s e l e c t i o n  (Lonnquist -- e t  a l . 1966) .  
Af te r  n iric q e ~ ~ ~ r a t i o n s ,  ~ I O W C V C ~ ,  i t  c~ i ) lu2 ;~ r~d  t h a t  gerletic v a r i a b i l i t y  had 
decre,*sed ( I i a r r i s  e t  a1 . 1'372) . 'I'hr. -;c 1 vet i o n  t ~ x p c ~ r i r n e r i t  s of l o n q c s t  
--
d u r d t i o n  i n v o l v i n g  d i v e r q c m t  ; e l c : c t i o l l  f o r  n i l  a r ~ d  1 ) r o t e i n  p e r c e n t a g e s  i n  
~ ~ i ~ i i x c ~  I I L I V L )  ! ; I I C J W I I  s i c j n i l  j c ~ t t ~ t  ( r ( > n c t i ( ,  v a t  i ~ i b ) i l i t y  r ( y r i , i i r ~ i r ~ ( l  i r ~  a l l  f o u r  
: < ~ > l c % ~ * t  i o t !  :;I I ~ > < I I I I : :  < 9 ~ ( . b ~ ~  , i f  t f - t .  0 5  ~ I < \ I I C , I  t t i t  , I I : ;  c !f , : G ,  ~ ( * C - I  i o 1 1  ( I l \~ , ! ] i sy  <lnd 
i t  , I 0 )  . I t  ;Ipl)t';lrs t h L t t  d r , ~ : : t ~  i c  c : l r , i r l c ~ ( ~ t ;  i 1 1  v n r  i i t r ~ c - t ~ : : ;  w i  t l ~  sele- 
c t i o n  dre u n l i k e l y ,  a t  l e a s t ,  f o r  p o l y c ~ t ~ r ~ i c a l l  y c o r ~ t r o l l e d  t r4it.s o f  l o w  
h e r i t a b i l i t y ,  a n d  v a r i a n c e  e s t  i m a t c s  i r ~  o r i g i n a l  ~ . o p u l a t i o n s  may serve t h e  
p u r p o s e  f o r  m a k i n g  v a l i d  p r e d i c t i o n s  of  g e n e t i c  q a i n s  o v e r  s e v e r a l  selection 
c-:yclcs. 
I #\; 1 O ~ L I  ~ , , y ' ~ . l ! ' : - ,  ~~1 I < I I I I ~ ~ I : I  I I I . I ~  I 1 1 0  I 1 1  1 : ; o l  i O I I  , I I I I ~ ) ~ I < J  I f ) ' . /  i ~ ( ~ o ( o ~ ~ 1 1 ~ 1 1  I . 1  1%; i l i  verse 
1 I I I I , : ,  W!I i 1 , ~ ~  ! 1 ,  A J ( > I  ( . ( !  i 1 1  4!1-'1!1 (iLiy:i. I I J  I I I I I I I 1  c:yc11? 
(Co) , ~ i s ~ t i  suk)st:c~~~c.!nt. cyc:lc bulks ( C l  , c,, ,111(i C .  ) ( l ( ~ v c ~ l o j x x i  ttirougl~ f u l l - s i b  
& i 
t e s t i n g  were ava i l ab l e .  The number of progenies evaluated,  number of progenies 
recombined and the number o f  t e s t  environments and r ep l i ca t ions  I n  each 
recur ren t  select,i.on cycle are given i l l  T a b l e  1. The mater ia l s  fo r  the present  
study were rantiom mated bulks of eacli cycle (RMB) and the se l f cd  bulk (SB) 
cierivcd from t l ~  of each cycle. The random mated bulks were grown a t  
TCRISAT Center tluritlq 1080 :;ummcr. i : , i c  1 1  1)ulk c u ~ ~ s ~ s t e d  of about 2600 p l a n t s .  
tile :; r e  1 .  iiackl c ~ y L . 1 ~  l t~ll . .  i~d:; crussc:ci ( , i j  t o  i t s  o r l q i ~ ~ d l  cycle  I 1 
b u l k  ( ' I 'CP)  ; ( b )  t u  corrcspondinq cycle l ~ u l k s  of Screre  ('omposltc-i; an Ugandan 
~mt,iilatic~ti (I . ' ( ' )  ; ( c j  t o  the o r i c j i r~~ i l  c.yclc i-~ulk r ~ f  L+-Composite (I 'CB) ; and 
( d )  t o  a tndlc stel:; l e  l i n e ,  5141A (Tc.:i.s) . Crossinc; W ~ S  effecteci by taking 
I,ulli-policn from &out 100 p l a n t s  of e a c ! ~  cycle Sulk. 
ll!le followjng three types of t r i a l s  were conducted a t  ICRISAT,  
Patancheru, Hyderabad, durinq 1980 khar i  f season. 
1 .  Population bulk y i e l d  t r i a l  ( T r i a l  1) 
2 .  I'optildtion bulk downy mildew t r i a l  ( T r i a l  2 )  
j. 5 ,  pro!jt:ny yiclcl t r i d i  ( T r l a l  3 )  
I 'd l j l r )  1:  Number of l i n e s  evaluaFed a n d  recmblned ,  r~umber of test 
envj rorunt , r l t s  and r e l ~ l i c a t l o n s  for p r c q e n y  evaluat ion i n  
( l i f f r  rcbnt . - e l e c t i o n  c v , - l e s  of Pit-~liurn Coin) 1 , ~ , 1 t  c 3 .  
Selcct j .on m e t h o d  Fu l l - s i b  F u l l - s i b  F u l l - s i b  
N o .  of proycnic?s .?vc~luat:cd 5 3 ti .!06 Zi' I{ 
N o .  of ~.)rcrjt?nics rccanhinc: t i  4 h 24 2U*  
N o .  of t c s t  environments 3 2 4 
N o .  of replicat. i o n s  per e n v i r o n -  
m e n t  
* P r o d u c e s  C b u l k  f o l l o w i n g  r a n d o m  m a t i r i q  3 
'l'hc ~ ) o ~ l u l ; + t i r ) ~ l  1 u l k  y i c - i d  t r - i d 1  c-o~~:;i : ; t t :cl  o f  1 4  t s r ~ t r i t > : ; :  4 ~ , ~ r i r l o n \  rr,ated 
bulk: ; ,  "1 . ; c l f c , 1 . l  L ~ u l k s ,  4 t ~ c . ~ [ n l l ~ t l  i o n L:I.I-):;:; 1)ulk:; ( M C : 4 :  x SC -C MC-CI x 
b (1  1 0 '  
S:Cl-(', , PI(' .-<'  ) :< SCTI -C,> , MC: 4.' x X I - C 3 )  , 4 t 013 c'ro:,s k~ulk:; u s i n q  p a r e n t a l  
~~( . l f l l l l  ; i t  i O l 1  (!,lC'-( '  1 ~ i ? ;  c l  t \ . > s t  <!l  , .? I - 0 ~ )  < l ( 3 5 ; : ;  I > \ ]  1 k.!,, ~ l ! - i l l ~ ~  t  t i c 2  R - ~ ~ ~ ~ l ~ ~ ~ o s i t e  
I) 
, . I : ;  ~ _ i  I _ C . S ~ I - . ~ ,  L I I I ( ~  1 3  t(:st:~-.r():;s b u l k s  u:;inq inii  l t !  :-it e r . i l e  l i n c ,  5141A  ds  a11 
. i ~ l b r t x l  t c . s t c , r .  Tlie p o p u l a t i o : ~  h u l k  dowily mildcaw t r i a l  c o n s i s t e d  of 8 
e n t r i e s :  4 random mat.ed b u l k s  a n d  4 s e l f e d  b u l k s .  T h e  S1 p r o g e n y  t r i a l  
c o n s i s t e d  o f  100 p r o g e n i e s  f r o m  e a c h  of t h c  4 c y c l e  b u l k s .  
Exyelciental P r o c e d u r e s :  
Y i c l ( 1  t r i L r l  1 was  p l a n t e d  or1 5 J u l y  1 3 8 0  i n  a randomized c u n p l e t e  
t)lc>c:k t i( .?;igi-~ ( R R D )  w i t - h  4 ro1)l ic.;lt i o r ~ s .  Raoh p l o t  con:;isCed of 8 r o w s ,  
2 : 1 1  4 I 0 .  Y ie ld  i . ~ . i , t l  { W A S  i - j l , j ~ i t  c * c l  0 1 1  7 , l i ~  J y  I ' j r 30  i n  n x 2 0  
1 t i  w I 4 1 : L  I I I : I I I 1 )  I t  .; £ 4 m I J .  The 
p l a n t  i l ly  I,£ L o t  11 t r i,lls war; t lo~ l t?  i-)y < I  r ; l ( . c . i l c i r ~  i 1 1ll;lrlt:ctr o n  r j (i(jet.; s p a c e d  
7 5  i:m a j u r t .  'Tllc, sec!di~~cj w a s  u o ! l t i l ~ l ~ o u : - , .  Thillriirlg war; done a t  10-12 d a y s  
<lf t t:r tmi?rCjttl(:i!, r ~ l ~ l i n t a i l i i r i g  1 ) l a n t - t o - l ~ l a n t  s p a c i n q  o f  1 0  cm w i t h i n  t h e  
r o w s .  T h c  f i c ~ l t l  r c c e i v e d  4 0  kg/N and 40 kq 1' 0 p e r  ha a s  t h e  t w s a l  d o s e  2 5 
f o l l o w e d  by n t o p  d r e s s i n c j  of  a n o t h e r  4 0  kq N 2 0  d a y s  a f t e r  s e e d i n g .  Weeding 
a n d  o t h e r  c u l t u r a l  p r a c t i c e s  w e r e  t a k e n  up a s  a n d  when n e c e s s a r y .  Both  
t r i a l s  w e r e  h a r v e s t e d  on O c t o b e r  20-22,  1 9 8 0 .  
T r i a l  2 was p l a n t e d  o n  7 J u l y  1 9 8 0  f o r  t h e  a s s e s s m e n t  o f  downy m i l d e w  
i n c i d c n c t :  i n  t h e  downy m i l d e w  d i s e a s e  n u r s e r y  w h i c h  a l l o w s  f o r  e f f e c t i v e  
larcjc-sc:illt. F i  c?ld scrcnnir ic l  o f  thc? m,rrtc:rial  (Wi l l i a m t ;  ct al. 1 9 8 1 )  . T h e  
t r i a l  was pli*t)tcxi i n  t j  row [)lot r;, r-r:l>l i cd t cd  3 t inlt':;. Plot l ( ~ r i c . ] t i ~ ,  row-spac in t  
a n d  p l a n t - t o - r > l a l l t  s p a c i i l g  cr i t l i i r l  t:tif! r o w s  w e r e  smr- l  a s  for trials 1 and 3 .  
Days t o  !;Or;, l?loom i l l  l~o t l i  t r  i.ct1.i 1 d11(i -3 ,  ~ I I ~ I  grdill y i e l  t l  i ~ i  t r i  a1 3 
wct t c. L c*cordcci 011  t:llr! 111 o t  bL1sis. Ilowt:vc'r, t11f.h 1jrai11 y ic ' l i i  [)r'r I J I . ~ ~  i n t r i a l  1 
\ q , ~ : :  ( 4 f . 1 1  i .111 'lt I ) \ !  t ) : . :  t i ! 7 1 ~ i t  i I I C J  I t l 1 , r ,> : j i~  i 1 1 1 1  I I ~ P ~ S  ,(211t'iqt, f o ~  I 1 3 ~ 1 ~ -  st3mp1e and 
I I  1 I I :  i t  w i t  I I .  l ' 1 1 . 1 l  I I ~ L , / I I ~  , 1 1 1 1 i  t : , ~ r  Ic*~i( j t l~ werc 
measured on ;?') c:oni~)c~titivc p l a n t s  i n  tlic. c:cntr'dl ( i  row:; c ~ f  each p lo t  i n  t r i a l  1 
and on 5 competit ive p l a r ~ t s  i n  e a h  p l o t  ( i . e .  cac!l row) i n  t r i a l  3 .  1000 seed 
weight. was obtained only f o r  trial 1 b y  weigliing 3 sample of 100 seeds each 
f o r  eac:li p l o t .  
Uowly rniL(l(?w incidence i n  t r i a l  2 wcrc recorded twice; f i r s t ,  15 days 
a f t e r  t h c  cmt:rrjcncc and then f i n a l l y  a t  dough s tage .  The p l a n t s  werc scored 
o l ~ l y  i n  two ~ l d ~ ; : ~ t > ~ ~  (1) u s ~ e p t i b l e  plclnt:;, show~ncj ( I ~ S B ~ S C  syml)tcJw; and 
S t a t i s t i c a l  Analysis :  
- 
P l o t  vs lues  f o r  a l l  the  ctlaraoterr; irl dl1 t h o  t r i d l s  wi?re U Y C ( J  f o r  
: ; t . a t . i s t i u t i l  a i l a lysc ' s .  Tn i>oth t r i a l s  1 , i l l  I 3 ,  cjrd1r-i yieJ.cl/plc,t was converted 
L o  gra in  y i c l d  (kq/ r~a)  . Plant  iieiqtlt ~11-1(-1 !:ar lr-?n$jt!i werc obtalrie;l by averaging 
t l ~ c  respec t ive  values f o r  2 5  plarits i ~ i  t r i l l .  1 a n d  3 p1arit.s I n  t r i a l  3 .  
Thousarid seed weiyht was obtained by inultiplying with ;I f ac tu r  of 1 1 ~  :-he 
average 100 seed weight obtained from 3 samples f o r  each plot. Percent ~ O W I I Y  
mildew incidence were transformed on the  angular  s c a l e  f o r  ana lys i s  of var iance .  
?'llc ' - ; t d ~ ~ c i r l r c i  ana lyses  of var iance fo r  t r i a l s  1, 2 and 3 were conducted 
followiny S t e e l  allti To r r i e  (1960) ( T a b l e  2 )  , and tlic parti t ionlrlcj  of +-he 
trecltment sum of squares  was done followincj Os t le  (1974) (Table 3 )  wlth the  
Tak)lc 2: I;t:ncrdl form of t i l e  a n a l y s i s ;  of' variance ar~d t'x~)l?ctecl mean 
squares for R a n d u m i z e c l  C o m p l c t  c: H l o c k  D e s i q t i .  
1 = r - t o .  of r c L j , l i c . , l t  i a r l : ;  
t ! I < ) .  GI [ ) ~ - ( x ~ + - ~ I I  i ( , ! :  
M C  -- t ' r c f l j c + ~ ~ y  I I I ( > C ~ I I  :ic{u;ir(> 
ble = I<rror m e a l l  sqliarc 
2 6 c = Error v a r i a n c e  
2 
3 r = V a r i a n c e  due to replicat icns 
M r  = Replication mean square 
Table 3 :  i;e~lcr;l.l f o ~ m  of all ort11c:qr~rial t ~ r e a k - \ i l ~  of C I I I , I  1 ysi: . ;  o f  
vciri:i~tc:t! f o r  lint?:; w i t  11in ( I ~ I ( . I I  c:yclt, .  
:;c>ilr-i-o o f  v a r  i .I t iolt ~ 1 . f .  
- . . - - - - . .. - -- . . . . . . . - . . - -. - .. - . - 
l : t , l ) l  i ,  , , I  , .. I 
Amonq 1 , . r tqt 'n i i , :  
w i t  hi11 i.yc l e ~ ;  
N o .  of r e p 1 i ~ : a t i o n s  
N o .  of ~)rogeilic.:; = 4t 
No. of cycles 
No. of proqel-ries within each cycle 
Progeny medn s q u a r e s  w i t h i n  c y c l c s  !C,-'23) 
Cycle rnaan s q u a r e  
Error InwiIi !;(l~i;~rt? 
Ccnotypic  v a r i ; l ~ ~ c . e  due t o  p r o g e n i e s  w i t h i n  t h e  c y c l e  
, i j L C  = (;er~c~t.ypic v;ir iancci d u e  tc~ c y c l e  
9 
bLp = Variance  due t o  p r c q e n i . r ' s  
> 
(5-r = Vzr iancc  :iut;: t o  r e p l i c a t i o n  
2 
CS c - Error variance 
< ' : , I  I I I I , I~  1 1 ~ ~ ~  t ~ t  i 1 izi11it  t kith I i r , t , , i r  I 5 , 1 ~ ~ - t b : ; : ; i ( ' r ~  o ~ ~ !  t i c , ~ t t ~ ~ t  !.-, <i:; f 0 1  l o w ! ; :  
I )  
-- X 1 ' I ( I  ( . ;cr~etic Advance ( % )  :- 
C', (GI 
where b i s  t h e  regression c-ocf f - i c i c n t .  of c y c  l c !  pcbrf ormance on cycles  
- 
I C x i : t c  I v l .  1 C bu 1 k. 
Cl < 1 
T ~ l t ~ r r ~ c ? [ l  i.11~; c l t ~ \ ) t - t \ r : > ; i  on ( i r ~  I a c ' r -  c : c ? r ~ t  ) w , i L ,  <.,1lc11 l , ~ t  c d  by c ? x y ~ r c : r s i r l ~ ~  t h f ?  per 
i:c!:~t i : I ~ , ~ n y c  i l l  t . l b ~ b  :;elfed b u l k  from c , i ~ ~ t l o m  r n ; ~ t u d  b u l k  i l l  terms of random 
- 
wlicre [+I!: (:(I : I I ! ~ : , I I I  v ; ~  l ~ i c x  o f :  ;I rC indom ~ n , ~ t  t:rl b u l k  
- 
Sf{ (x) : I ~ ~ C L I I I  valucb c,t' , I  s e l f c d  b u l k  
G c l l o t ~ ) i c .  c:oeffic::ie~~t. o f  v a r l a t i o n  ( y m )  from t r i a i  3 w a s  c a l c u l a t e d  f o r  
each c y c l e  as  follows: 
G C V ( % )  = -  l J g  * 100 X 
whera  MpCo = proqcny tnean s q u a r e  for Co popu la t i on  
M ( *  = E r r o r  m e a n  square, and 
bulk:;. Changes i n  t h e  g e n e r a l  c m h i n i n g  a b i l i t i e s  were  measllr.ctl 1lsi11g 
C o  bulk o f  t:he ' ledium C'cmp~s i t e  as ttic r e l a t e d  broad-based 1)ol)u 1 i i t  i o n  
tc?stcx , t ~ ! ~ d  a ] )on- res torer  composite (i.. c .  B-cornposit e )  'is a11 ! inrclated 
broad-bLj:;ctl popu la t ion  t cs t  cr. (:li,:~~iqc~s i r ~  t h e  s p c c i f  i c  combin  i n q  aLii.1 ity 
of t11e ~ ~ o ~ . ) u l ~ i t i o r ~  were a l s o  ..;t::udie 1)y u s i n q  CI m a l e - s t c r i l o  l i n t :  (5141A) 
a?; a ndrl-ow based i n b r e d  tcst.c!r. Corn11~1ri:;on of random m a t c d  hu lks  w i t h  
r;c?lf~cI bulk:; t~rovicleci t.hc !ne,i:;rlr'c':.; of' ii~I)rc-f;tli~~il tlc?prc~:i:;ic)ri f o r -  c,jcki cyc1.c 
h l  1 k . 
A :;! i q l ~ t  l y r c l c i t  t ~ l  ic:s,ut! o f  i . ~ i ~ c , l  11c.r. tilt: ; ~ i l ~ ; ~ j r c ~ ~ ~ u l ~ i i .  i o r ~  i n i [ ~ r o v e m e n t  
cou  l ( i  ;I I lc?aci t o  t he  i.rnprocrunc.!~lL i I I  t llc. j~(:rfornia~ic-~ta of I I O I I L A  l & t , j  0 1 1  crosses 
w,~:; ex , i l r~ i r~~~t I  1)y c i ~ ~ ; c s : ; i ~ i ~ ~  t.f i t2 IIIC;III J ) ~ > L ~ O I ~ ~ L I ~ I C C !  of ttie ,11)j~rol)r i ~t:(: (:ycle 
bu'l k c r o k ; : ; c l : ;  ! ) r a t .  wc2c11 Mcc! i ~ i m  Cornl-Iosi t e  ,ir!d Serer  c., C O I ~ I J J O ~  i t cb-1 11(1t11 oF which 
h,ld ljecti i.~l~pr.~.?vcd u p  t;o 3 r .yclcs  of sc.lcctiori  by Li rnc !  t11is s t c d y  was 
'I'hc S1 p r o q e n y  data provided t l i c  m c a s u r c s  of ( r c n e t  i c  v , l r i a b i l i t y  i n  
t h e  unimproved and improved popu la t ions .  The d;rtd frcm t h i s  trial also 
provided i n f o r m a t i o n  on t h e  n a t u r e  of correlation ~lmonq g r a i n  yields, plant 
ht:iglit, tidy:; t o  blocxn ;mcl (.at- lenljttl. 
9 
c;c111(,t ic. dttvanc.c? i t 1  t h e  per st' j ~ ~ ~ l ~ f 0 r T f l ~ i r 1 ~ ~  of the. p o l > u l a t i o n s  
--- 
( ~ M I L  11 1 ,it~~iortl r r , ~ t  (!ti anti self ell bulks) a1a1 t . h ?  genc>r-a1 c:orni-)in.iriq a b i l i t y  
t > s t i m a t e d  a s  r e f l e c t e d  i n  t.he p e r  s r  p c r f o r m a n c c ~  of  t h e  rantloln rnatcci and 
-- -
:;elfed bulks o n l y .  
A n j l y ! ; i  t; of v,-~r.i,l~tc:~> of t l u :  hi. l h  t r i a l  :-,hr)weci t i z a t  t k i r ?  r l i f f c r e l \ c e s  
due  t.0 rantlo~n mated b u l k s ,  duc t o  :-:elfe(i h u l k ,  aruj t-hose due  t.r> v a r i o u s  
dnd r;t?rcir-t. i.t7n1]1c-):.:i t.c?-I , wc!~-t> ; i l l  ~ O I I - : ;  iqrt if i c . : ~ r t  ('t';lh 1 i2 4 )  . Iiowcver , t h e  
: ; c l ( ~ c t l o ~ ~  rc::l)oli::cs trc.ncl wa:, i r ~ t l i c ~ ~ i t  l v t .  of  irnprovlmc>rit i n  thc .  L 1 ) e r f o r -  
rnanc:e of the p o p u l a t i o n  as r ~f 1t.r-tcd bol 11 i n  random ~n , i t e t l  a n d  :+elf ed bulks 
( F i y  1 A )  . TIx! a v e r a g e  q c n e t i c  advClnc:e p e r  cycle ( i .  c .  per yilar for f u l l -  
: , i b  !-c:lt.c.tior~ w l ~ i c t l  takes 2 scasoxlr: \)c'r (sycl r  and 2 s t a a s o n s  per yea r  are 
! i u c c c s s f . u l l y  p l a n t e d  a t  P a t a n c l ~ e r u )  was 4 .68% for  random ma t r ?  hulk and 5 .21% 
f o r  t h e  s e l f e d  b u l k s  (Table 6). The improvmcnt i n  q e n e r a l  c m b i n i n g  a b i l i t y  
was much lower  w i t h  less  t h a n  2 %  g e n e t i c  advance per cycle .  F u r t h e r ,  t he  
s e l ec t i on  responses w e r e  h i g h l y  e r r a t i c  ( F i g .  2 ) .  The s p e c i f i c  combin ing  
d b i l i t y  of t lx.  p o p u l a t i o n  rec]ist:er,-d a d c c l i n i r ~ g  t r e ~ ~ d  w i t h  ;in a v e r a g e  r a t e  
of -1 .8 ; !% per y c n r .  The performanc:rx o f  t h e  popul ,~t . inr l  c:rosscs also showed 
'3 marq i ~ > ; i J  irnpl:ovilmetlt of  011 1 y 1 . 31% I ) I ~ I -  c y c l ( '  b u t  t11c t re1113 w~r :; f i i i r l  y 
s t e a d y  o v e r  t:Ili: c:ycle!;. 

GRAIN Y I E L D  
,( Kg/hal A SB 
0 PC 
'I'CP 
'I'CB 
I TCMS 
F i g .  2 :  S e l e c t i o n  r e s p o n s e  for g r a i n  y i e l d  (kg /ha)  i n  random mated 
bulk  ( R M R ) ,  s e l f c d  b u ? k  (SB),  p o p u l a t i o n  c r o s s e s  ( P C ) ,  and 
i n  t e s t  c r o s s e s  w i t h  p a r e n t a l  p o p u l a t i o n  ( ' I 'CP) ,  B-composite 
( T C B )  , and 5 14 1A male s t e r i l e  l i n e  (TCMS) . 
- 

.?.I J J v, 
.n o c m  
H t d M  
.n 
: . .  I S  
I . ,  L I 1  i . I  
i t  5 :  Neon v d l u f : ~  and i n b r e c d i ~ ~ g  t i c !y )r  t-::;sio~~ ior  vd r iuu : ;  c t ~ ~ l r ~ ~ c t ~ r s  i n  
cji.fferorlt: types of b\1lkci c l t ~ v r \ l o ~ i ~ ~ d  fror~~ '> c.yr.1 c:; o f  ..;(~l(.:ction i n  
b M(?t l  i u m  Composi t c . 
Inbreeding R u  11: type ( ' 1 1  i t c \ (  t l b t  t 'y, I t .  ---.- - - - ---- - ----- ( 1  t.:) ( 3 )  ( 4 )  ) ( 0 )  clcpress ion 
- - -- - ---- - -- - . -- --- - ------- 
in 'a 
.--- - .-- . - ---....----.--- 
Plant h e j r ~ h t  C 2 06 192 2 01 2 OR 205 184 7 
0 
( a t )  C1 200 187 201 2 06 195 185 7 
C: 2 02 188 2 03 201 200 179 7 L 
C. 1'36 187 i!02 2 0 ; )  197 1 8t3 5 
.I 
Ear l e n g t h  C 2 5 . 0  2 3 . 5  L 3 . 3  5 .  2 4 . 5  2 3 . 3  
0 
6 
(cm) (t 2 3 . 0  ' 23 .0  2 1  2 3 . 3  3 . 5  2 2 . 2  0 1 C2 2 3  .H 22 .H 2 3 . 8  2 4 . 3  2 3 . 5  2 7 . 3  4 
C: . ? 3 . 0  .--. '7 '1 5 . ;! 3 . O ;? 3 . N 2 3 . 5  2 3 . 3  
.3 6 
l~owiy mildew (' 4 . 2  5 . - - - 
0 
~rlc idcnct!  ( % )  C: 1 .'3 5 . 5  - - - - 1 
C. 0 . 5  1 . 5  - - - - L 
3 0 . 5  3.5 - - - 
- 
(1) Randm mated bulk ( 4 )  Topcross bulk with pa ren ta l  population 
( 2 )  Salfed bulk ( 5 )  Topcross bulk w i t h  B - C o m p o s i t e  
( 3 )  Populat ion cross bulk ( 6 )  Tcstcross bulk w i t h  a male-sterile l ine  
1 I I y i l l ,  I i c l i i r  I 1  I !  I i i c l ~ t  ( i . (,. :;calt!ction 
I 1 1 I 1 I I i ; i1w;iys rc.n~~ii~ic:ci c , r i l5  L . J ~ '  t f i t r  i n ~ [ ) o r t ~ ~ r ~ t .  
1 ,  I t 1 1  t i  1 .  I  I !  1 t 1 f !  - , 1 1  t c I , I > I , I ( , I , ~  ! 1 . < 1 1  1 ' 1  I I L I ~ ~ : ; ,  
t i c l ~ *  . , I  I ! < , !  Ip\iLl;:.,, c ~ ~ ~ t ~  t l ~ c > c ; ( x  , i ~ i c  t ~ ,  v,-it:i(2t1:; , I , < :  , f I O ! , : , ~ , :  ( v , x r : c > ~ ~ t  t 1 1 ' 1 t .  
duf  t o  B-(. :m~posi t .u)  we re  s t t . i t i s t i c ; \ l 3 y  nor ) -s icq~i i f  i i : , l ~ l t ,  tlic:~ q ~ ~ ~ l c ~ r ~ ~ l  trends 
i n  random mat.,?d .~nci tielfed b u l k s  wert-! i r i d i c a t i v c .  c - ~ f  t h e  c - f f ( ic . t ivc  selection 
tow~irtl..; r.c?tit~c-.t.>ct plant hc! i~ j l l t  ( I , ' i c l .  I I.1) . Est .  imatc.:; of ( fli. c j c ! r l c > t .  i t- , ~ t l l ~ ~ ~ n c e  
ill  cl t ! l !c?r ; i l  c.olnl)inincl ;~i .) . i l i t .y wit11 1~it11c.1.  o f  1-.ht. r*:l;it.ttd or u r ~ r + ' l , l t e d  1)opu- 
1 , l t  i011 t o::t t?r:; w [ s r C o  , I  I SO low l ~ i i t  of  t l l c a  5;;uno orrlclr ( , i [ ; j > r o x i m , ~ t ~ . : l y  - 1% per 
cyc:lc.) aild t.hc ci i rcct.iotr c i s  t -hose o k ) t . , ~ i  net1 for r;lrltltnn m a t e t i  ;rllri sctlfed 
tj111 k~ ('1'c3i)1 t ,  ( . I )  . 
I i o l d i t y  t i l e  d,iyt; t c ~  bloom ( i . 6 : .  : ;c : lcct- ion ~ i q ; ~ l l ~ s t .  1 ~ l t ( ~  I J I ~ I T I ~ S /  
i l l  th t .  r ; ~ n d ( m  1~1:lt ( x i  bul.k:.;, :;elf ed bilk:; or i n  crc:i:;!;c3:; w i t - t i  v , i r  ic)l.is t y p e s  
., ~ x c e l ' t  whcl-I c?~ ,~a]  t~ , l t c . d  11-1 ,:rossps w i t . t ~  f 1 1 1  l i - c , c ) r , l ~ o r ; i  t i :  tcaster of t. e s t c? r- & -  
w l l i c } i  rei~ir;tc:ycd t h e  c f f c c t i v c  - ; ~ l  c ! r . t  ic3!-i t ow..ir. 1 . ;  ! ' , ~ t  1 1  r l c? : ; : ;  , I * .  t . ) l r ~  r a t ~  of  
-1 . '>il. 1-1c.r cyc: 1.e (Table 6 )  . 
Amollq a ]  1 t11c charact  r t r  s s t u d i  t?d, 1000-seed w t . ! i c ~ h t  wits tile only 
c h a r a c t t > r -  whic-11, t -hrouqtl  tilt. vi t ;u , i l  : ; c l c c t i o n  f o r  :;t.:t.!tl s i z e ,  formed t h e  
Table 6 :  Kegressicr. coef f li i e n t  ib) and obseccd  Genetic Advance (GA) * for various :hiracters a£ ter 
- - three c::cles r,: ; 111-siL r e a r r e n t  selectior, in Mediun C~inposlte. 
- 
Grain y i e l ~ d  F l x ~ t  h e i g h t  Layc tc 50% iC03 seed Ear  l e n a t k  20-m.y aildew 
Eulk type i :+;u/ha ! i ~ )  bloon weicht r.2) i cnl -- ~ r c i d e n c e  ( i )  
.- . n G A ;A i; G A b <A 5 #.=A L ,:A 
TC? ., .. 17.: 1.05 - -  . -1.11 7.i 3 . 2 2  -0.05 -'.74 -;J.26 - 1 . C 4  - - 
* .,.z:ctic Advance r?r r y - l e  ( i n  per c e r ~ t )  
\ v i s l ~ , ~ L l y  : : 1 ~ 1 , - ~ . t  , , , I  I , 11!11 , t -  1 1 1 , i 1 1  l i , ~ '  I I I  . .  . I I I .  ( I  : VII,I I 1 ' 1 1  :t- i f  1 I i i , ! ~ .  ! . x ~ , ~ ~ ~ ~ t  
i o l -  t ) I ( :  ( 1 1  f 1 I ! ~ ( , I I c ' < ~  , I ( J C >  1 0  1 ' 1 ) 1 J I l  l L l t  i<l l l  ' I ( l ' ; ! ; C ! i ,  & I 1  j 1 1 . 1 .  C!! t l t ' ~  ( i i t  f L21'l!:1C~S 
' I I t I i t  1 I 1 I I -  I i I ' I I I  1 )  . I l o w ~ < i ~ t , ~ . ,  f ! I ( .  ~ ~ l l ~ ~ ~ c t . j v c ? n c s s  
- !  t I *  1 . 1  I ( , I I  I 111:. t , l : , ~ ~ , ~ 5 , 1  t W , I  , I : ,  I I I , ; I I  I , ,  ! I  1 ! I I > ~ $ , I  ~ O I  1 lit, ( i ~ - , ~ i t ~  
, , , I < ,  I ( ! ,  I ( , , I ~ I I I ! \ :  ! , '  1 I , ,  1 1 , , 1 1 ( n t  i ( ,  ~ ~ ( I V ~ I I I ~ ~ ,  : :  4 .  7 , , I  , I  . ; ,  , i : ,  I I \ L , , I , : \ I ~  t i  1 1 ;  
t !I( .  1 ,11!tio111 lnat t ~ 1  bulk:; ,lrl(l :;c!lfc?d tju lP.s, re:;]ic?c.t i v t .  I c. ( ' l ' , ik i l t .  C )  . E'ur t f~cr ,  
ttic ~ a r f  o r m a n c o  of t lie!;t? two t y p e s  of b u l k s  showed t h a t  se lec t  i n n  for this 
c l~a l - , i c t c : r  llad <llso set  i n  t r e n d s  over t h e  c :yc lp i , ,  t b l t ~  mart? so i n  t h l ?  randan 
1r1~1tc:ti 1 ~ 1 l k s  (Fic j .  1D) . A l s o  s e l ec t  i o n  for  t . 1 ~  L w r -  :;P 1)e r  fonn ,~ : l c t ?  o f  full-sib 
-
i ) ~ o r ; i ' ~ i i  C'S d l , t  oat ~ ~ t + c ; e ~ : j c l r . i l  y improvc! t ~ ~ c  cc~mbiri ncl a h i  1 ity of: t. llis c h a r a a t e r .  
c;cxit\rl~i c c - i r n t ~ i ~ i i r l c l  c ~ b i l i t y  r l ~ c a s u r r d  t . l ~ r o l ~ l l h  t h c  pCirc.rltr;il ~ x ) l ~ u l ' t t ~ o n  tes ter  and 
t i  I I I I I ~  t i  I i t  I t r  I I d l  I .  jlowc;vcr, 
A I I , I ~  yl, L : ,  c ~ f  v d r  iclr11:c : ; t iowet i  t h i t  ttl(.i t l i f  f ( 2 1  l , 1 1 5 . 1 , > ,  t l \ r ~ .  t i, r;:lldc,m mated 
b ~ t l l k s  'IIICI t11 , : jc .  duc  t o  cro:;r-;t!c w i t h  p a r e n t a l  I J ( - J L J U I ~ I ~  i ( > t i  tc.;t.l:r were h i g h l y  
s i i j ~ l i f i c d ~ i t ;  i iffcrencc!; due t.o p o p u l a t i o n  crossc.; ; i r i t l  t - hose  ciuc t o  crosses 
w i t h  malt, : j t ~ r i l ~  i n e  werc s i q n i f  i c a n t ;  a n d  t l~gjt .  t f l t - ,  d i f f e r c , n c e s  d u e  t o  
o ther  >;our i :c$ ;  werc n o n - s i g n i f  icarlt (Table  4 )  . Sc lr!c:t i o n  lcd t o  t h e  
yeduct i o t ~  i n  t:ar l c n y t t l  kmth i n  1-ht? r a i l d m  mated bulk:; iirld selft?ci bulks a t  
11ip ~ ' L L I ~  ~ ; l  i t j l i t l ~ ;  ovi:I 1 L j t t  7 .  (:vc:Lv ( l ' , i l - ) l t~  6 ) .  $ ; ~ , l t t , t i o r ~  c):al)c>t~:;p t r e n d  
:x\lec.t iorl 1 c ~ 1  t.o s teady  ,ilid ir~lprc?:; : ivc: c l c t r l c ! l  ic ,~:lv.i i~c.e of -23.  8% Ljer 
c-yc.li. i i ~  t I : ( >  r..it~rloln m , ~ t o c i  h111 k:; wi t . 1 1  0 .  ' ) ' A  t i o w i ~ y  In  i lc . icw i n c i ( l ( . r ~ ( . ~ :  i r i  C bulk, 3 
( ' t ' , i t )  I S ,  t , )  . '1'118 i ~ ~ - s ~ ~ ( ! t . i c :  , I ~ ~ V , I I I ~ . ( ~  i rl t 1 1 ( ~  : , l a  l f t . ~ i  k ) ~  lk . : ; ,  t ) i ) ! ; i ~ i t ~ : i  I J C !  iriq c1111y 
Onc ~ l c b l ~ ~ ~ r . ; i t - i o n  of i tree din;^ lccl t o  t h e  r ~ i ~ i ~ i ~ t i ~ n  i n  t t ! ~ ~  I!IC:.C~II v a l u e s  
o t  g r a i n  y i t ! l d ,  p l a n t  heiqlit., 1000-sft?d w e i g h t ,  ant1 edr ler,gt11 ( F i q .  1 ) .  
'llht+ maqni :utlr of depressiol i ,  however, was h ighes t .  ( 3 4 - 3 8 8 )  f o r  q r a i n  y i e l d ,  
Eol lowcd h y  1 2 - 2 1 %  for  1000-seed we igh t  and about 4-6% for  t ,hc otllcr two 
, . , ( 5 )  . A l s o  t t i c >  c l c c l r c ? c r  c.lf v a r i a t i o r l  i n  t h e  rn i i iy r l  i t u d e  of the 
in~>~c!ct! i l l t l  f . 1 ,  l ) r t s : ; s i o r ~  f r o m  nrlc3 cyc:lc l ~ ~ l k  to  th(8 other wat; rnort: for 1 0 0 0 - s e e d  
i l l  l 1 1 0  :-;clt ' tvi t , l i  l k ! : ,  11ow~tvc.r , w . ~ : ;  l11c.11 c ,  : ! ,  ;iriy , l r i < i  t < , \ i I !  I L l l -  1 1 1 , 1 1 1  1 1 .  1 l i t ,  
r . , ii~clen~~ l i ~ ~ i t ( ~ i  l l ~ l k : ;  ( T , ' i q ,  11,;) , ( : l~ , i~ i (~t : ! ;  0 1  t . 1 1 ~  : : ~ I I I  i L I I  L)xcl~:r, it, l - i~ t :  g t ~ n e r a l  
t 3 o ~ ~ ~ 1 ) i ! i i ~ ~ ( r  . 1 1 ) i  I i t  i t , : ;  G I  l , : ~  \ q e 3 ~ - t ,  ~\L,:;~,t-v,.!(i w t f i  ( , i t  l i , , ~  I ) !  I b , , ,  i : ~ : ; l  :,,. 
0 1 1  I \ ,  ~ < I ! I ~ ~ o J I !  I I I ,AI  C Y I  I J I I  I A  , , , 1 , ( 1  : i t : !  t ( i  1 , ;  l b . ; ,  w , !  , . , 8 ~ ' , l : ~  j t  i o r  ~!owriy 
l l l i ~ l l t . ! ~  i l l ic~c!( : l :~ .~ ,  1111(1c!? ,,rt i T 1 , .  i ~ ~ j ~ ~ j ~ ) l ) . t r i l  : , t ; a "  i \.,.,:icI, t i t  , t i . ; .  tj!jL31>l!2i!j 
o f  V L I :  i , i ~ i , . , t '  : : i ~ o \ ~ ~ ~ ~ ( l  (-1-1,:l~t t.11~1 f t . 4 ~ j  - +  : ,  , { i ~ ,  t I j J c  , !  1 1  c i , ~ ~ )  I T , , , +  , .<I  k , ~ ~ l k s  
, t : :  k ~ , >  11 < I ~ .  .:l:l f(:(7 L,u l k : .  v.v3r:t l ~ i , ; l ~ L y  : , , ~ , I I I  i 1. I '  i 1 1 t  ('! ' 1 t ~ 1 1 ,  7 j . ,'\I 1 t 1 0 1 1 ~ j I i  t l ~ l - )  
i f i : t l  c ,o~~I / )o ! : i t . ( ,  l > u l k  ~ L : - i ( . l f  ~ 4 - i : ;  , I  l ~ i , ] l ! ! \ ~  t , , : i  I : ; ~ , I ~ I ~  I , O ~ J I J  I ' i t  j o j i  r ( , ( j  i s % c ~ -  
i11(1 < J i l l  y < ~ t , ( i ( ~ t  e . iow~y In i I,.ic!w il-IL i d , : ~ ~ ( , t ,  i 7 1  t i ) ( :  c i i  . , t m , i : < t ,  rla?.a;cL-yl f ~ ~ ~ - t - l ~ e r  
:.;l?le~.t i(111 Loci t o  ~1 :itc;idy <i11cl i111j'r~:; :ivcb ( ~ ( : r j o t .  ic- <1<1v ill(;c: o f  - 2 0 .  8% [jer 
1 I t I I n  n i t  t i  I k w t 1 . ' I '  I I i t w  i t ~ i i  i C bulk, 
3 
( ' ~ , I L I  I L ,  t.,,! . ' I ' t ~ t  ( { L - > I I ( ' ? . ~ C  t ~ ( l v c ~ r ~ < . ~ . B  111 t . 1 1 ( ,  ! , l , L /  c ~ l  ~ , I I  k : - , ,  ) . > ( , : i i [ l f . s : ;  1 ) t 8 i r ~ ( ]  o111y  
1 b ;  . 27, 1 ) t . r  ( , y (  1 t ,  w1iic:ti is I I I I I C  1 1  I t,s!; t I I ~ I I I  j!-I t I I I !  r - s ~ t ~ ~ i o ~ ~ ~  rn~ i t . ( ; f l  k)ulk.:;, I :;<I 
f o l  lowtxi I I I : I ( , ~ I  i r r - ( ~ i j u l L i ~ -  rc!$;l~o!~:jtt ( , \ l r v i 8  (17iq . 11,') . 
0 1 i t  k:cLilb<r;lrion of i ~ . i t : , r c c . d i n ~ ~  l c c i  t o  t h e  rr:.!uct:lnn i r i  tilt-, r n i - ~ ~ ~ i  v a l u e s  
oi (31-,1in y l i , l r l ,  !;la~.lt heic-jilt., 1000-seed w e i q h t . ,  a n d  e,rr l c r r g t t l  ( f . ' i c ~ .  1) . 
' r h e  rnaqni : utii. c ~ f  rlepresslolk, h o w e v e r ,  was h i g h e s t  ( 3 4 - 3 8 % )  f o r  ur'ii .n y i e l d ,  
f o l  lowc ii 115: 3 2 - 2 1 3  f o r  1000-:;ee?d . r re iqht  and about. 4-6s fo r  thr: ~ t h r ' r  two 
. ; ( 5 )  . A l ! ; o  tl1(1 d(:clrec r ~ f :  v a r i , l t i o l i  ill the r n ' i c ~ r ~ i t u d e  of t h e  
, llh,.t,,c,c! i l i t  j , l - l ' i ; c ;  j Ol.l f r.(,ll, O I ~ + - -  c ,y(- l ( l  ~ , L I  1 k t o  t hc, i , t  1ir.r w,a:-: rnorll f o r  1 0 0 0 - s e e d  
---....-a- . _ -  C _ - -  - - - Y-..---- -.- 
Source of variat ion d , f .  S . S .  t,? . S. F 
Replications 2 23.970 11,985 2 , 6 3  
Treatments 7 342.140 48,977 1,O. 72**  
IN H 3 141,165 47.055 10.3%* * 
S E3 3 83.150 2 7 . 7 1 7  6.08** 
Rcrn,iindt!r I 117.825 117.825 25.84** 
Krrnr 1.4 61.112 5 4.560 
Total 2.3 429.93G 
.- _--____ _ ," __-.*- _--..._- -* -_-. ..- & . .- _ -.-... _ - -  .C( . ._. -  7 ... . -.------ . ..---- 
*",iqnificmt. a t  1% I c v ~ ' ~ ' ~  of prat)ahil i t y  
NlIF .: R,~ndom mated hulk 
SI< . Solfcd  k 1 3 k  
w c ~ i c j l i t  . I I I ( I  I ~ , I I  l ( s ~ ~ c ~ t  11 t . 1 1 ~ ~ 1 1  I f  1 1  t 1 1 t ,  c t t  ! I I , I  . '111 ~ * O I I I  r , ~ : : t  t o t l i ~  g ~ l ) o v ( ,  f o u r  
< . l ~ ~ i r i ~ c t c ? r s ,  illl)rc>c:dir~q lt!d 1 0  ; l r i  ir~c:rc~,.~:;t> ill t.ht. n ic . l l i  v ~ I u c ! ~  of d;ly:; t o  
1)loc-)m, rt?::u l t  i ~ i q  111 t h r  : ;o- , , ,~ l ltvl ~~f!cl,rt.ivc! inbrec?tlinr.l d e l ) r c s s i o r r .  
Arl,ll y : ;  I :, uf  v a r  i,irlc.c of thcb S1 I , I ( K J ( : : I Y  t r ic l  1 :<Ji~)wt.d t ~ I C '  ~ ' x i  ' i t ~ n c e  
c)f a s icyni f ic . in t  mount of q c n c t  i c  v ; i r i ; l b i l i t y  bot11 i n  unim1)rovcd and  
.hy)rovc%ti p o p u l a t i o n s  f o r  a l l  t h o  f o u r  c l l a r a c t c t r s ,  v i z ;  q r a i n  y i e l d ,  plant 
l i t '  l(lllt-, cIt1).s to bloom, and cur I cncd t 1 1  (Table 8 )  . A Inc.-~Lsurt> of q c n c t i c  
i l k ;  c~enot .y j~ ic .  c.oc.l ' l ' icient uf var ic i t : iun  (c~trv)  showed t h a t  (~r;lili y i e l d  w a s  
t.tll.8 111o::t v,tr ic~hlc.  r : h~~rac t c : r  (clc-v ri lnq irvj Frcm 17.  5 1.0 2 3 .  3 % )  f'clllowed by 
i 1 I I v  r 1 i  f I t t 1 . 1 .  J , 'rhc: ot: t~c.r. t wo c h a r a -  
c.tc>rs wc.1-1.8 1 ( 1 , i : : I  crntl c.!qil,~l 1 y V ~ I ~ . ~ ~ I ~ J  l c ,  w i  t 1 1  l ( b : ; s i  t l1.1r1 '{. C,?. (.{c'v r r ~ c ~ ~ r d ( : d  
f o r  any  of the: c:yc:lcs. It, war; i i l : :o  obt;crvcd t.hclt c!xc:~!i)t f a r  c j r a i n  y i e l d  
wlwrc thcl 1naq1 i t  of v a r i a c  icxr ccxl t irlllccl f l u c t i l C i t  iriq wi t -hout  a n y  i n d i c a t i o n  
of c i c t c l i~ \ t t ,  t hc-1 v d r  i a t  i on  f o r  o t  hc:r r :harac tc rn  dicl stlow d e c l  il i irlq t r e n d s  
c.)v<!r t l i c ?  r.:yc.l(?!:. Thc  averacje  r a t e  of dcc : l i ne  i n  t h e  rnclgnitudc! of was h i g h e s t  
for pl~i1'1t. tleicjht (8 .3% per c:ycle) fc,llowed by 6.26 per c y c l e  for ear length, 
a n d  lowest for days t o  bloom ( 0 . 7 1 %  per c y c l e ) .  
I V .  E a r a c t c r  C o r r e l a t i o n , :  
FIic~lil y s i q r i i f  i c a n t  '1nc1 posit i v c  correlat ions i n  a1 1 t l le  c y c l e s  were 
foul id 1)etwctw i l r ~ i i n  y i c 3 d  and  y l r l l ~ t  tics l q h t  , ;illd btatweer~ p l a r i t  h c i q h t  a n d  
c.,ir l c ~ i q t l ~ .  011 t h e  c-ont r t l r y ,  c l r c l l r i  y i c a l d  &rid clay,, 1-0 b l o c n ~  wcrca t~ lc j f i ly  
s i g r l i f  ic:;lllt ly hut n e g a t  i v c l y  c . o ~  r c ? l , ~ t  eti .  T h e r e  wc!rrs rio ~ n d i c  a t  i o n s  of any 
sLeady ch'illclc:. i r i  t h e  degrccs of s u c h  c i s soc : i a t i ons  ovcar c y c l e s  (Table 10 ) .  


Tai)lo l o :  Corr'c!laLion coef f i c i c ~ l i  t s among g r a i l i  y i e l d ,  ~ ) l a r i L  h e i g h t ,  
clays t.o bloom a n d  c u r  lerlqth in  S progenies of Mcdiwn 
C!oml)o!i i I.c.  1 
Grain y i c l d  (kg/tr;l) and 
days to bloom 
Grain yic:ld (kg/l ia)  iind 
plant  I ~ r ! i y i ~ t  ( a i l )  
Days t:o blocrn iintl p l an t  
Ilc.i(jht (c..m) 
Days t c )  blotwl~ ,111tl o,]r 
lcncyth ( ~ m )  
l ' ldllt  ~ l t ? i . ~ ~ I l i .  ( c-111) c3rlcl 
. . l I r ) * *  . ' 1 3 0 * *  . L65** . 3 : 3 3 * *  
ear 1engt:ll ( ( n i l  
-- 
*,**  Sigr l i f ic :ant  at 5% and 1% levels of probability, respectively. 
IIc)wevcr, t t~c. c:orrCl;rt .ioll:; t w t w c c r ~  y r , ~ i l l  y i  c I ~  a n d  ear  l u n q t  h  w h i c h  w e r e  
) ) o s i t . i v c  and ~ ~ o r l - s i c l r l i f . i c a r ~ t -  up t.o C: c.yc:le rt=maincrl  positive b u t  became 
2 
, ! ; i c ln i f ' i ca l~ t .  i l l  tlrc CI c+yc.lck. Arltl t . 1 7 ~  rc~rrcliitioris betwccrl  d a y s  t o  bloom i 
I I I I I I I I - :  i t i t  1 1 1 1 1  I I C X / I I  i v ( :  1 1 1 )  t o  ( ' ,  ( : ' { ( : I ( !  ;ilso 
I 1 1 1 * . 1 i 1 1 * s ( i  I I ~ , ~ I ~ I ~  ivc. 1 ) 1 ~ t  I ) C ~ ~ . , I I I I ( -  11i(jIi ly ! ; i ~ l l ~ i f ' i ( ~ ~ ~ t i t  i l l  c ' ~  ( ~ j ~ ~ ~ l c ~ .  I>'IV:: t o blocm 
~ r r ~ d  ~ ' l c l r l t :  hf2icjht: were s i c j l l . i f ' i c a n t l y  <111d ~ ) o s i t i v e l y  correlated i n  t h e  
unimproved ~ ) o p u l a t i o r ~  but cl~;ir,qt?d t o  u n c o r r c l a t e d  s t a t e s  i n  a l l  t h e  improved 
population:, . 
L)ul. i I I ~ I  t 111. cmt i r e  c-ourse of Eu1.l - s ~ b  st::loctic~~i i n  t lw- Mrltliu~l~ 
(.'t~n[lo:ji tctt c l r  ' ~ i  I I  y i t l ld  wci:, tilt! ~ > r i t ~ ~ i p ~ \  1 seltlct inn c r  i t  tar i o n .  Se lec t  ion 
b 
to)  11)w tiowllv IN i 1tit .w i nc.idc111c t <  ,i loncl w l  t t~ :;c~loc~l joli ' i r ~ ~ i  i r l s t  1 a 1  1 ,.incl l a t e  
acjainst a t y ~ ) i c a l l y  too sinall and Loo loncj car Ileati,.; ( t h e  l , ~ t t t ? r  Lcing 
associated with 1.~11 p l a n t s )  was iilso an import.ant considerat ion i n  
select inr j  j)rqc!r~ics f o r  recombination i n t o  the  next cyc.1~. 
Bnsicier; the above four tncasurc?tl s e l ec t ion  cr i t  c?r i a ,  a number of 
v i s u a l  ~ 1 3 1 ~ l . f . l  loll c r i t e r i a  inc?ludinq ,tvc?rilyc t o  bold :;d:ctl size, non-pigmented 
qlumc colour., above?-average t i 1  l e r  incf , r e s i n t s r ~ c l ~  t o  smut , e r g o t  , r u s t  
and 1ntl(~ i n q  uirtlcr y ir. l<l  t r  i;11 c.o~rdi t iollx, r I e,ir exscr t i o n ,  ,lk,se~ice of 
t ill !;t C?I- i 1 i t . y ,  ;I ;x~ptiik)lc t!ilr ( . Y , I I I ~ , C I ,  i t ~ o s ! i  ( i  . ( % .  (*rq11[);1c:t t c )  5;<:>rni -rorn~)act) ,
l j ~ m l  seed st>t , c ~ ~ ~ ( l  >;~>vt?ral  1~11y:i 1 1  , i l  fyr,ij  rl rpl;] I i t : ~  1 t , i  i 1 !: :;1i(:1-1 A:; resistance 
t o  g ra in  wt?,~thorinq, qr,~.iri har(lifit?>;:i '~nd q r a i r ~  colour-, wt2r.c. ii lsn taken i n t o  
acc:r)unt i n  f i ~ l ' i l  r;t?lect ion o f  t l ~ a  pl.ruits/progenies. Such  a sc1ec:t ion 
s y s t ~ m  Icd L.o [ l r i ~ i n  y i e ld  i m p r o ~ ~ m e n t .  a t  t h e  r a t e  c,f about  5% fjc?: c:ycle 
both in rand or!^ mated and. s e l f ed  bulk s t a t e s  of the  improved popula t ic~ns  
(Table 6). This r ep re sen t s  a gene t i c  ga in  of about 5% per vear because 
f u l  l - s i b  se l ec t ion  r equ i r e s  two crops per cyc le  and a t  ~ a t a n c h & u  cen te r  
t w o  crops can be successfu l ly  grown each year ,  Genetic ga ins  of s imi l a r  
order were observcd fa r  1000-seed weight which was the  v i s u a l l y  s e l ec t ed  
charac te r  (Tabla 0 )  . This implies t h a t  (1) t h e  gene t i c  gain in  g r a i n  y i e ld  can 
apparcll.lt]y l , i l . ~ , , ! l y  accou:iLei! l'or Ly f :LC: ir;iin i r i  10r)O-seed wc:i.(~ht and ( 2 )  such 
impressive g a i n  i l l  a v i s u ; l l l y  : i e l ~ ~ . t ; t * t i  c ~ I ~ , i r a ~ t c : ~ -  speak:; 1)ertldps c)f i t s  
hiclhcr hc r i t a1 ' ) i l  i t  y .  Dow~~y r l~ i l~ iow : iu~(. '<>lr t  i b i l  i t  y wllic't~ i:; s;;t i l l  more 
:; im[)ly i .n l .~cl~, i l  (!t  (Sincltl, 1 0 ' 7 4  i i t i t j  G i l l  fl '31. 1970) a n d  hc?nc:c! is a h i g h l y  
- --. 
] I ( , !  i t , 1 1 1 l t )  1 I I ~ L I  ts,l ( , I  , r , , v l  i : : t  o t  t ~ l  , I > :  I I ~ \ I < - I I  $1:; f ~ ) ~ , ~ t .  t ( . !  : ; i x  f01(!  t~ i c~hr : r  
~ I ( ~ I I ( \ ~  i ~ ,  , I ( ~ \ J  I I I C ,  ; , (  I ,  i,~!(.lp>. ' l ' l ~ c >  (.,t 1 1 t m l  1 ( ~ , I , , , O I ~  [ . ( I [  t / i t $  \ ~ i e ~ l ~ r , : ; t  (1t.ri~lt i(:  
advan(:(: obc;t?rved fo r  downy rnildt.5~ rcJ::istallce c ~ o u l d  br: d l . 1 ~  t o  t h e  t w - s t a g e  
e f f e c t i v e  :;clectiori:  (1) a t  t h e  time of seed  i n c r e a s e  f rm an e x t r a  
rep1ic:atioll of t h e  full sib p r c q e n i e s  p l a n t e d  i n  t h e  downy mildew d i s e a s e  
n u r s e r y  which p r o v i d e s  t h e  o p p o r t u n i t y  f o r  between a s  w e l l  a s  w i t h i n  
Procjcny s e i e c t i o n  f o r  this c h a r a c t e r  and (2) a t  t h e  timc? o f  r e c m b i n a t i o n  
of t h e  s c l a c t e d  p r o g e n i e s ,  a q a i n  i n  t h e  downy mildew disease n u r s e r y .  S i n c e  
se l f t t d  secds dcrivcd from f u l l  -:jib p r o q e n i e s  i n  t h e  d i s e a s e  n u r s e r y  r a t h e r  
t h a n  t hi? r c ~ l l n ~ ~ r l t  k;ceds arc! r l s c d  f o r  rc:c:ornbinat i on  , t . 1 ~  rc:c:essivc ly i n h e r i t e d  
:;usc:ci>t i b l t ?  :;c>ci rc.cl a n t s  art! fu).t:titrr ( . ' x I ) ( . ) s~~~  t o  downy rn i ldcw pressure and 
Ilance elim i n a t c d  from e n t e r i n q  to th t l  rlc?xt cycle d u r i n g  r c c m b i n a t i o n .  F u l l -  
s i b  s e l c u t i o l ;  m a i r ~ t a i n s  a h i g h  dcgrc.!~? o f  h c r e t o z y g o s i t y  l e a d i n g  t o  a c o n c e a l -  
m c n t  of suscel.)tiblc rccctssivt?:;. T h e  e x p o s i t i o n  of suc11 d a l c ~ ~ e r i o u s  r e c e s s i v e  
~ l l l e l c s  a f t e r  i r~l)rc: tdincj  may rcflac-t.  0 1 1  thc: rjcnctic. sr(lvcinc:e f o r  downy mildew 
rus is t .a r lcc  i n  sc.Lf c$d b u l k s  ;I; c o m p a r ~ d  c.) r c l r i c l o m  r n i i t C b c l  h u l k s .  Pcrhaps because 
of t h i s  r c a  son, g e n e t  i r :  ; idv;~r~ct:  f o r  tlolvliy m i 1 (lcaw rc.!si s t a n c o  ob-served i n  t h e  
random mated bulk was s i g n i f i c a n t l y  h i [ l I~ t : r .  by d r l  orc'.er of about 50 per c e n t  
ewer t ha t .  oi):;c?rvcd i r l  t h e  sc1ft:d b u l k s .  
I n s p i t t ?  o f  g r o i n  y i e l d  and p lant .  h c i q h t  be ing  s i g n i f i c a n t l y  and  
p o s i t i v e ]  y  c o r r e l a t e d  (Tablc 1 0 1 ,  t i re  g r a i n  y i e l d  was improved a t  t h e  ra te  
of about: 5% pt?r c y c l e  coupled w i t h  thc? r.c?rluction i n  p l an t  h e i q h t  by 
s l i q h t l y  over  1% per cycle. Day:; to h l o m  remained more o r  l a s s  u n a f f e c t e d  
Hy s e l e c t i o n .  Althouqh n o  s e l ~ u t  ion was e x e r c i s e d  i n  t h e  favour  of 
I I I I :  , t I I o f  1 . i  ill (\at. 11'11clth was, , i t  1ec3:it , a s  much a s  
t l ~ a t  1:cxc*c.)rtitjc.l 1)1;.i11t l i c ~ i c j l l t .  Thi:; c . o i i l d  bc ;i c,c~rrcblatc:*d rcsjionsc t o  
s e l e c t i o n  a g a i n s t  t a l l n e s s .  T h e  o n l y  v i s i b l e  e f f e c t s  of r e c u r r e n t  s e l c -  
c t i o n  on character a s s o c i a t i o n  were (1) t h e  breakdown of a p o s i t i v e  and 
s i g n i f i c a n t  c o r r e l a t i o n  between p l a n t  h e i g h t  and days  t o  bloom a f t e r  t h e  
f i r s t  c y c l e  and t h e  maintenance of t h i s  u n c o r r e l a t e d  s t a t e  i n  a l l  t h e  
succec?dinq c y c l e s ,  and ( 2 )  t h e  unerqencc,  a f t e r  the t h i r d  c y c l e  of sele- 
c t . ion ,  of t h e  s i g n i f i c a n t  p o s i t i v e  c o r r t i l a t i o n  between q r a i n  y i e l d  and e a r  
l e n q t h  'and '3 siclnif ic, lnt  nccjativc c o r r c l a t  i o n  bt2twc.f.n days t o  bloom and 
oar l c n q  t t~ . 
The r,itt.. o i  improvemcrlt 1 1 1  t h e  qc:nc.ral ccxnb~rlincl ak~i1i t .y  f o r  g r a i n  
y i e l d  was a t  b e s t ,  one t h i r d  of t h e  r a t e  observed i n  t h e  E r  sc perfonnance 
o f  t h e  population (Table  6 ) .  T h i s  i s  not cpite unexpc?ctcd a s  t h e  s e l e c t i o n  
system i t s e l f  was based on i>er s e  performance of f u l l - s i b  p r o g e n i e s  r a t h e r  
than  on t h e i r  g e n e r a l  canb in ing  a b i l i t y .  Horner e t  a l .  (1973) i n  t h e i r  
m r k  on a maize p o p u l a t i o n ,  F l a  767,  a l s o  observed  t h a t  S2 progeny s e l e c t i o n  
was less e f f e c t i v e  than  t h e  p a r e n t a l  p o p u l a t i o n  t e s t e r  o r  an  inbred  t e s t e r  
system i n  improving t h e  g e n e r a l  combining o f  t h e  p o p u l a t i o n .  The r a t e s  of 
improvement i n  t h e  per se perfonnance and t h e  g e n e r a l  canb in inq  a b i l i t y  for  
p l a n t  h e i g h t  and e a r  l e n g t h ,  a l t h o u g h  m a r g i n a l  i n  t h e  p r e s e n t  s t u d y ,  were of 
s i m i l a r  o r d e r  (Table  6). For  t h e  othcr c h a r a c t e r s ,  no c l e a r  c u t  r e l a t i o n s h i p  
W C I : ;  c ) t ~ i : c ~ ~ ~ ~ ~ ~ . ~ ~ l  l ) c l l  W( C?!I  t t 1 ( 5  i ~ n l ) t - ~  ) \ f t a ~ ~ l l  , I I  t  1 ( 1 1 .  IC r 1 1 4 - r  f ~ ~ I I I ~ I I I C ~ : ~  L ~ ~ d l i  ( 7  (LIICI-a 1 i- ... 
o I I :  1 i t .  M o r c .  c.)f t c.11 I 11;rtl r:c.)t , 1 ,.it (::: 0 1 '  j l ~ ! [ ~ r ~ v e r l ~ c ~ l l +  j r  r j t ? r 1 ( 2 r a l  
i . o n i l ~ i  1 1  i l ~ c i  , 1 1 1 i  1 i t-1, :;howt~l : i t  ~ ~ I I V I  I l - > : ; t  or. c l c - ~ ~ ~ ~ ? r ~ ~ l c ~ n c . y .  'l't112 t1irec:t i o n  of 
I I I I \ ; I  O V ~ , I I I ~ & I I I  1 1 ;  $ ; ! ) ( , ( - i f  i t 9  ( ~ ~ ) I I I I ~ I ! I  i111.1 1111  1 1 1  j , ,  1 1 ;  1111 , I  1 ; )  , # t i  i r ~  ~ ~ r . o ! ~ : ~ t ~ ! ;  w i t h  
, I  ~ ( $ 1  y wi , ! t . l . , ,  1 1 , . - 1 1  11101c '  : : I  t ! t - i l f a  1 i l l '  ( 1  01 I I \ , ~ I I I  i l l  1 I # I ' I ( , ~  i ~ ) : ~ !  , w:I!, 111 t h e  
r<lvt.?l^:;c-! c l  i r  i o ! i  c ) f  im])rovc~n~t':i: :i i I .  ~l(.~r .Lie 1 c . L S r ! r ~ ~ i ; r ~ l c . , . s  i111ci c l c l l l o r a l  ..:ornbin- 
. -- -
I 1 i t f 1 -  I S  I t I I I s I ( 1 )  . It. i r . ~ i i  i c . . c ~ t c u ,  therefore,  
t t l . i t  t l t i  :. vcL!.7; i i l - c rn l  j f - ; i  t ic1 i111d wi(ic.81 \' ! ~ : ; ~ l r l  n i ~ i  I t 1  :;t f s t - i  1 , .  i i r i c s  wr.111 l c l  not serve 
, I : ;  C I ~ I  c>f l i l ,  ; ! ! i l l  jnhred t t? : ; tc?r .  fc,r I I , ( :  i n ~ j l r o v i t m r ~ r i t  o! r l ~ : ~ ; r : . r ~ ~ l  : 3 0 m i ~ i r . ~ i n g  
I 1 i t  ,  I l t . ! l n t ~ r l l i  I ? o r n c : r -  r a t  ( 1 1  . (10'7' i )  f ' o1111c i  , in  i r l I j r  l ~ l  t - s t . c . r  1nc8 t  hod more 
. -- . - -. 
+,I '  1. LC i L : I I ~  1 Ii. . i11 t 111:  l ) i i r ( s ~ ~ t . ; ~ l  ! (.l:;t t>r o !  :;, ! ~ r ( x j ( : t l y  t(,:;t i n q  r n ~ : ~ t l ~ ( > c I  i n  t h e i r  
I ~ X I I ~ ~ ~ - I I I I ~ ~ I I ~  . ,  1 3 1 1  ~ I I I } ~ ~ ~ V I . ~ I I I I . ~ I I ~  :: of. 1 1 o 1 1 c ~ r  ( I  I ~ ~ I ) I T I ~ ) ~ I I ~ I I ( I  ( 1 k 1 i  I i t . y .  
Pit ( 1  i : i l :  ( ' c ~ ~ : . ; v ~ . : i  t t ~ ~ ~ ( t  : : , > I  ( ' ~ I I I I ~ I I I ! ; ~  I $ , - - I  , \ ) I , !  I :  o t  w 1 1 1 1 , l i  I I , I ( ~  ~ W I ! I I  sub- 
i c ! c 3 t  c?ci  t 1.1 I Iu-I:~: c , yo l ( ? s  of i ~ i l r . ; i l . ) o ~ ~ ~ . ~ l ~ ~ t  I O ~ I  h l ~ l ) r - o v ~ ~ l ~ ~ t . . ~ l t  , WLIL (.' , ~ ! ; c ; c s s c C ~  for 
I v t ? 1 1  i I 1 at I - o  I - ~ I I I I : .  T l ~ t : a  r , - l t t :  of c j e r ~ c t  ic: ( l a i n  i n  
I j ~ o i > i 1 1 ~ 1 l  I , > I I . - < ~ I < , ) F ; s  q r c i i ~ i  . j , ~ * , l < i  w ~ I : ,  l o w  1 ~ 1 t .  of t 1 1 c  !amc or(llar i i S  t l i o s e  
I IIJ: ; ' ; I .VC?~.~  I ; ! I  : ] I  11t7r~11 ~ , ( . ) I I I ~ I I I I   I , : :  $ ~ t ) i  1 i t ), ( r Y ; i l ) l + . :  (-1) . : , ; I I I ( , ~ . ~  l ' i ~ ~ : ! ; c  tTtm popula- 
t  it.)!^:; WI I t ,  i t ; l l ~ ~  I \ : C L I  i 1 1 [ 1 c  ~ ~ ~ . I ~ ~ . ~ C ! I I ~  I y ,  : , i f  iw : , ~ ~ ~ l ( . ~ ( : t  io11 I ( , : ; J I O [ I : ; ( ,  rx- 1 ~ 1 1 - k  ( ~ f  
. . ,  I , V I  f c ~ r r l l , c l ~  ,(: 1s 1 : r ) t .  4 . j u i t c  u r l e x p e c t e d .  ! . : c ~ l ~ ~ c t  I < ) ] !  I ~ ~ ~ ! . ~ \ O I , : ; C :  t -11,  p c > ~ , i ~ i  L:IL I ( . > I I - ~ , I ' O : , . ,  
l , i 1 1 ( 1  i ; t . i ~ p c : j -  (1 '171)  t o1111ti t h c ~ t  f 1 1  1 l - : : i  t )  : ; ( : I  c.c:t io, ,  i t l  t w o  maize p c . > p u l a t i o n s  
( , J ayv i s  ,lll ' l  1 1 1 ~ 1  i , : i l l  ( : k l i p f  j 1 ~ : ~ i  1.0 1 1  i l j l t t , r  ! i c ~  l c , c . t  i011 rc:sporises ~ I I  the: per se 
l ~ c r . f - o r l n a l l ( : o  of tlle~ie t w o  ~ , c > i . j u l . ; l t i c . ? l ~ ! ;  ( h;ln i.n t hc l~c) l>ul . , -~t  i o r l -cross performance. 
'rlli> ~ ' f  f rc ( of T I  tc-i~,rc.)c:d 1 r c s c s \ l r r c : r l t  :;t. 1 c1c:t ion , (.In t  l l c .  c.jt1lc.r h a ~ ~ r l ,  was found 
to he ju:;t t rt.'vc?ruc.. 
A t  t ( $ 1  1 1 1 1 ' ~ ' ~ '  i * \ 'C  I P S  0 1 -  ~ e . , < ' i l r  I 1 ' 1 1 1  : : ( . , l i : s~ t  io11, 1 1 1 1  rea w ~ I ! :  I I O  l ~ \ d i ( ; i l t . i ~ > ~ ~  
,111cn1t clc.c.1 i l l ( .  i i i  t II( .  C T c l i r ' t  ic \ r , ~ t .  i c l I ) i  1 i ), f o r  r ~ r ~ l i i ~  y l l t i  whit-11 wa:: found  
I I I ' I S  itti~1111 viiri.111i 1 it.y ( c ~ n c l  In;ixi1tiu111 1 1 c l t  ( ! L  ~)::ytfc>:;i t.!, ) I 1 1  < I  pol 11 1 ,  t i o 1 1  i s  found 
l o  1 i t  I v r  k i l t  1 1  I c t . y o ! i t  y I<tsc'l~.~~.t i.(.)ll i l l  I~(!tc!ro- 
i ~ i c )  c : c ~ f  f i , * i  t:nL ~ 1 1 1 . 1  clecjrcc~ (.)I c i o ~ n i ~ ~ ~ ~ ~ ~ c * t ~ ,  i :; iiirc.:c: . l y !~roi ,! i r  1 io l rd l  t o  t h e  
t i( .3tj~(>t. t  01 l ~ ~ ~ l ~ ~ ~ - o : < y c j c ~ ) s i t : y  ( 1 , ' 4 ~ 1  t:o~\t,r , 10[10) . $51 ~ i i ~ c ~  L,, ! : . ,LA I t.:; 01. t - l i i h  st.ildy 
:;l~ow t.li,it. m;~y~l . iLucles  o f  i t ~ h r c c d  itiq dcpr +!s:iiori ciicl 1 1 t 1 f  ::ti(.,w dcc 1 i n i n y  t r e n d s  
ovc'l (.ye. 1 t a k :  t. I r e - ,  rcttltict i o 1 1  i t l  l l (>t .c!ro~yqi) : i  i I-.y ,lt t . i~t: .  lor: i f !x l i .~h i  t inrj dominance 
~lc: )w~.?v~t~.  , 10c.i w i  l i i  '.iticii f . . i .v~.~ (rf!nc t!f fr!cLs ( lo riot  c:oritr i t > u t v  t o i n h r e e c i i n g  
I I I L ( , I I  t i : ;  t hl.5 ri(.)t.~--,itlr.lit i v r .  cfcr~c-.t ir: v ~ l r  i ; ~ t , i  l i t  y 1,111cit.r i l l  11 :;i.b s r ' ? l c . c t i o n  system 
(k',ilcont:r , J )  . 1 t , t}~(:r.ef or'(:, :;,:c:nlr; t . t~c- l t .  f u l l  :; i h  :icl.c:?c.t iol'i h a s  been 
~ n ' l i n  l y  rnc?l)il i z i n q  a d d i t i v e  qonct. ic:  v,rr i C . t i ) i l i t y  for t kir-!sc. t h r r , r t  c.:haractcrs, 
! I l ~ l s ,  aff(.c.-t:itlq t ! ~ c '  m i ~ c j n i t u t l ( ~ s  o f  V , I I  i 8 i l . :  1 j t y  b ~ ~ t .  ( , , I \ I L ~ ~ I ~ ~ I  110 i . l rb recd inq  
( i ( s l ~ r g ~ s ! : i ( > ~ ~ .  M , I ? - ( J  irx11 r(v!~l(-t i o r ~  i l l  ( ; t t ~ i ~ > !  I ( .  v a r  i , ~ i ~ i  I i t  .!, s t  i 1 1  left s i (71 i i -  
f ic.,jr~t c j c \ ~ ? c , t  ic- v,ir  i a t  i c , ~ l  f crr t 'ur t i . ~ c , t .  i m ~ r ~ . ~ i v c m c n t  i t )  t l ~ c s c ?  c:h;iractc?rs. 
M i x  I I  i I I I i 1 I 34-3t4 I)c!?- I ( > ] I (  w;1!: I ~ J S C ~ V C ~  f o r  
. I I . . I  i l l  \ r ~ s , I t l ,  1 0 1  l,1wg>,l I . ' .  . ' O  , . ~ . I I I  I , , I  1 ~ 1 ~ ~ ' :  . : ; t 5 ~ m ' l  w, 1 1 1 1 1 f  , t r 1 { 1  4-C! 1)c.r cent 
I , I ~  1 1 1 . 1 1 1 1  / ~ ~ ~ i ~ ~ l i l  , , l . i ? ~ : :  I . '  11100111, . L I I , I  1 , , 1 ~  I i ,  ' I !  ' . '1'111 I~ i r j t !~ : r -  
i n a q l ~ i t u t i c b r ;  ( I : '  ~ l ~ b x e c d i r ~ q  c i ~ ~ ~ ) r c : s : ; i o l ~  i n  clr,tir~ y i c l i l  , 1 1 ! t 1  10LJO-seed w v i y h t  
c o u l d  be e i t h e r  (1) d u e  t o  ti r l iyhcx lcavel of tot i l l  c!on\inancc e f f e c t  o n  
t l l c s c  t w o  c l ~ a r a c t e r s  or  ( 2 )  duc t o  m o r c  intermcci i , l t -c ,  cleric. f r e c r u c n c i e s  at 
t t i t : loc i  cxh ib i t inc -7  d ~ > m j n i l n c e ,  o r  ( 3 )  clue to c:nrr,bi.r~t~c? c?f t ' i i~t . : j  c.>f b o t h  factors. 
P;r l c . o l ~ c r  (1'!)(,0) h ; ~  :; t;hc)w~ t:Ii,il t l ~ c  c f f  I . L : ~ .  of inhrr ic .<l  i r - ~ c j  0 1 ,  t  \lo t l i r c l r , t  ion of 
c : l l ; l t~qc !  i 5: I - o w ~ ~ r d x  the vi i luc ,  of t.hc rnort. rcbce.sc.ive ~ 1 1 1 ~ 1 ~ s .  Thus, t h e  negative 
ilcy)rc-r:;:.; i OI I  oI)?;c.rvcd for rl;l y : ,  1.r) hl.oo~n imp1 ics  1. e ; ~ r , l  i r 1 t 2 : - ; s  i s  d o m i n a n t  
,wc:t- I , l t~~ l lc , : ; : : .  
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